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INTRODUCTION 
Currently there are three conventional methods of stor­
ing the corn crop. Corn may be stored as dry grain, with a 
moisture content below that necessary for the growth of 
microorganisms. The moisture content must be below 13 per­
cent for safe storage of dry corn (Barre, 1954). Ensiling 
of the green corn stalk and the immature ear is a second way 
of storing the corn crop. In the ensiling process the crop 
is preserved by the exclusion of air and by lactic acid pro­
duced during microbial fermentation. The ensiling of high 
moisture corn (HMC) is a third method of preserving corn. 
High moisture corn refers to the fully developed grain, or 
the ground grain and cob, with a moisture content exceeding 
that for normal dry grain storage. The moisture content 
recommended by Zmolek ej^  |d. (1958) for the storage of HMC 
is from 25 to 30 percent. Since the moisture content is 
favorable for the growth of microorganisms, HMC undergoes 
extensive fermentation during storage. 
Storage of HMC was begun on a relatively large scale in 
the mid-1950*s. During 1955 ten percent of all the silos sold 
in Iowa were purchased for HMC storage. This represented a 
storage capacity of 275,000 bushels. Four years later, 1959, 
about 39 percent of the silos, a capacity of nearly 2.5 million 
bushels, was sold in Iowa for the purpose of storing HMC (Van 
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Possen, I960). The increasing utilization of this method of 
corn storage is inducement for a scientific study of this 
storage process. 
Although the storage of BMC is not a recent innovation, 
there is a paucity of knowledge concerning the microbial popu­
lations and their fluctuations during the ensiling process. 
It is generally assumed that HMC undergoes microbial and con­
comitant chemical changes analogous to that of ensiled forage 
and corn stalk silage; however, the storage product is very 
different. The moisture content is considerably lower, the 
mass is not packed to eliminate air, the concentration of 
available carbohydrates is expected to be higher, and the 
acidity, to which the inhibition of the butyric acid produc­
ing bacteria is attributed, seldom reaches the level that is 
attained with green ensilage. 
There is some doubt as to how much gas exchange can oc­
cur between HMC and the outside atmosphere without a con­
comitant loss in the feeding efficiency brought about by de­
terioration. Therefore, a study was conducted at the Iowa 
State University Agricultural Engineering Farm concerning the 
effect of aeration on the concentration of gases, on the tem­
perature, and on the nutrient losses during the ensiling 
process. 
The present thesis project was chosen to relate aeration 
of the silo with microbial changes, particularly the fluetu-
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ations in numbers and the selection of yeast species, by the 
environments imposed. Objectives of the project were to 
enumerate yeasts, molds, coliform bacteria and aerobic bac­
teria; and to identify the yeasts growing on ffiiC stored in 
silos where gas concentrations and temperatures could be 
regulated and measured. 
LITERATURE REVIEW 
The literature concerning the microbiology of high 
moisture grain is quite limited. Much literature is avail­
able, however, concerning the storage of dry grain at moisture 
contents sufficiently high to allow microbial deterioration. 
Likewise, much literature is available explaining the micro-
t)ial and biochemical events leading to corn stalk and forage 
ensilage. In addition, a considerable number of papers deal­
ing with the nutritive value of HMC have been published with­
in the past decade. 
Nutritive Value of HMC 
' Although HMC has been fed to animals with apparent suc­
cess for many years, no comparative feeding trials were re­
ported prior to 1956 (Hunt, I960). Conrad and Beeson (1956) 
reported that pigs fed ensiled HMC (31.8 percent) gained 3 
percent faster than hogs fed regular moisture (18.5 percent) 
corn. In a similar feeding trial, Beeson and Conrad (1958) 
found no improvement in the nutritional value of the corn due 
to ensiling. These latter workers concluded that any economic 
advantages of HMC as a swine feed was gained only because 
ensiling was an efficient method of handling and storing 
corn. Seven growing-finishing swine experiments, involving 
more than 300 pigs, were conducted by Hunt (I960) to evaluate 
the feeding value of HMC. He reported that growing-finishing 
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swine will make equivalent, and at times, superior gains when 
fed HMC as compared to pigs fed regular moisture com. The 
HMC had a pleasant odor and was very palatable for swine. An­
alysis of 25 slaughtered pigs showed that feeding HMC had no 
apparent effect on carcass quality. 
High moisture ground ear corn was evaluated as a cattle 
feed by Beeson ejt (1956). They compared high moisture 
(32.2 percent) ground ear corn to regular moisture (17.4 per­
cent) ground ear corn in rations for steers. Steers fed the 
HMC ration made slightly greater daily gains, but the increased 
gains were not statistically significant. Similar results were 
obtained when high moisture ground ear corn was fed heifers 
(Beeson ejt al., 1957, 1956). In four growth studies involv­
ing 129 Holstein heifers, Schmutz (1962) found no significant 
difference in weight gains in three of the four studies when 
ensiled ground ear corn (24 to 45 percent moisture) was com­
pared to the ground dry corn. In two growth studies, animals 
fed the wetter silages (34 to 45 percent moisture) required 
less dry matter per pound of gain than heifers fed the drier 
silages. The heifers fed the wetter silages consumed less 
dry matter per day than heifers receiving the drier silages. 
An analysis of feeding trial data, comparing HMC and dry 
corn as a feed for swine and cattle, would justify the en­
siling of HMC as a feasible method of storage. 
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Chemistry and Microbiology of the Ensiling Process 
Ensilage, as defined by Webster's New World Dictionary 
(1962), is green fodder stored in a silo. Webster's New 
Collegiate Dictionary (1961) defines ensilage as fodder pre­
served in a silo. These dictionary definitions are not in 
agreement and neither definition actually defines the processed 
material. The latter definition is better because it does 
mention that the fodder is preserved; the first definition of 
ensilage could include any material, regardless of quality, 
resulting from storage of green fodder in a silo. 
A Committee on Silage Nomenclature (1960) defined silage 
as the product of acid fermentation of green forage crops com­
pressed in air-tight structures (silos), or in unprotected 
masses, the exterior layers of which rot and act as a seal to 
preserve the bulk of the fermented crop. 
The ensilage process can be divided into four phases, as 
described by Barnett (1954). Phase one is the continued respi­
ration of the plant cells resulting in the production of car­
bon dioxide, and the utilization of simple carbohydrates. 
Acetic acid is produced in small amounts by organisms of the 
coliform group in the second phase. In phase three a lactic 
acid fermentation occurs: this phase is dependent upon the 
activity of the lactic acid producing organisms and an adequate 
supply of carbohydrates. The last stage of a successful en­
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silage process is quiescence in the mass, during which lactic 
acid production passes its peak and remains constant at 1 to 
1.5 percent, with a constant pH of about 4.2. If the condi­
tions within the silage are unsatisfactory, due to an incom­
plete production of lactic acid for various reasons, the silage 
may be altered further by the action of butyric acid-producing 
organisms on both the residual soluble carbohydrates and the 
lactic acid which has been already formed. This is accom­
panied by, in extreme cases, a deamination of amino acids with 
the formation of higher volatile fatty acids and ammonia, and/ 
or a decarboxylation leading to the formation of amines and 
carbon dioxide. Good quality silages were found by Langston 
et al. (1958) to contain large quantities of lactic acid (3.03 
to 13.16 percent of the dry matter) along with fair amounts 
of succinic and acetic acids. The spore forming anaerobes in 
poor quality silages, on the other hand, produced butyric 
acid at the expense of lactic acid. Acetic, succinic and 
propionic acids occurred along with butyric acid. 
Most of the investigators studying fermentation of silage 
have shown that coliform and pigmented organisms are present 
in relatively large numbers on fresh forages. These bacteria 
usually die out early, however, and the lactic-acid bacteria 
become predominant. Most of the work has included only pre­
sumptive identification of the types of organisms present. Few 
researchers have made any attempt to classify the organisms 
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into species (Langston et al., 1958). 
The kinds and numbers of microorganisms found on the 
plant to be ensiled, no doubt, have a role in the ensiling 
process. Kroulik, Burkey, and Wiseman (1955) found large 
numbers of microorganisms on fresh green forage. The number 
of bacteria varied with the season and maturity of the plant. 
The predominant microorganisms on fresh green plants consisted 
of pigmented, aerobic, nonsporeforming, rod-shaped bacteria. 
Coliform bacteria also were found on fresh green plants in 
large numbers and increased during the harvesting process. A 
majority of the coliform bacteria studied belonged to the 
genus Aerobacter. Relatively few of the microorganisms iso­
lated from fresh green plants were similar to bacteria present 
in silage, and none were typical of lactobacilli found in 
silage. Microorganisms found to be similar to the silage bac­
teria appeared to increase in chopped forage previous to en­
siling. The largest number of yeasts and molds occurred 
during July, August, and September on alfalfa, corn, orchard 
grass, and soybean plants under conditions during which the 
number of bacteria also were high. Stirling and Whittenbury 
(1962) also found that the lactic acid bacteria are not a 
usual part of the normal microflora of the growing plant. 
However, the types of lactic-acid producing bacteria detected 
in the fresh material after harvest were the same as those 
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encountered in the silage. 
After the green fodder is placed in the silo, the 
diminishing functions of the plant cells are followed by an 
increase in the activities of lower forms of life, such as 
bacteria, yeasts and molds (Peterson, Hastings and Fred, 
1925). Because of the absence of gaseous oxygen, the molds 
probably continue growth for only a few hours; The plant-
epiphytic yeasts may continue to grow for a longer time, but 
they usually lose viability within a few days. The forms of 
microorganisms that remain several days after ensiling are 
bacteria. The populations of lactic acid bacteria underwent 
similar trends in all the silages from the 30 silos studied by 
Langston et al. (1958). Most of the fresh forages contained 
relatively few organisms; however, after a few days in the 
silo the numbers reached several hundred million per g of 
silage, then leveled off or decreased slightly as the silage 
was held. The number of lactic-acid bacteria reached about 
the sane maxima in both good- and poor-quality silages. The 
primary difference in the quality of the silages, with respect 
to the occurrence of microorganisms, was associated directly 
with the increase of spore-forming anaerobes. 
Biochemical and Microbiological Changes Occur­
ring in Grain Storage 
Whereas bacteria are the principal microflora involved 
in the ensilage process, molds are the major cause of deteri­
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oration of stored grains. According to Christensen (1957) 
more than 50 species of fungi have been isolated from agricul­
tural seeds. These fungi are arbitrarily divided into two 
groups, designated "field fungi" and "storage fungi". The 
field fungi are those that invade the developing or mature 
seed while it is still on the plant: they are of little con­
sequence to grain storage, with the possible exception of 
Pusarium spp. The storage fungi, principally Aspergillus SPP. 
and Pénicillium spp., are those which develop on and within 
seeds at moisture contents often encountered in storage. 
The most important factors influencing deteriorative 
changes of grain are moisture, oxygen supply, temperature and 
the condition of the grain (Zeleny, 1954). Of these factors, 
moisture is by far the most important. Deterioration of 
stored grain may occur as a result of an excessive moisture 
content, even though the grain when placed in storage was 
within what is normally considered a safe moisture limit and 
the moisture content was uniform. According to Barre (1954), 
the migration of moisture from the warmer grain in the center 
of the bulk to that in the cooler surface layers directly 
above may be sufficient to result indirectly in deterioration 
of an appreciable amount of grain. When the moisture content 
of stored grain is adequate for respiration of grain and for 
the microorganisms associated with grain, the process is 
limited by the oxygen supply. The oxygen requirements of the 
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fungi are delimited in the many references cited by Semeniuk 
(1954). The majority of the fungi are strict aerobes. They 
fail to sporulate, their spores fail to germinate and their 
mycelium fails to grow when the oxygen concentration is below 
a minimum which is adequate for growth of most yeasts. 
Deterioration of grain to be used for purposes other than 
as an animal feed can be ascertained by physical indices or 
by measurements of developed acidity (Zeleny, 1954). The 
physical indices are general appearance, temperature, odor, 
damaged kernels and presence of injurious insects. When grain 
deteriorates in storage, especially when the deterioration is 
caused by spontaneous heating, the grain losses its luster and 
becomes dull and lifeless in appearance. These physical in­
dices are accompanied by chemical changes which may be de­
tected in the very early stages of deterioration. Zeleny and 
Coleman (1938) analyzed the individual acid fractions of 246 
samples of corn and in wheat which were undergoing deteriora­
tion in storage. Their analyses revealed that only the fat 
acidity increased significantly during the early stages of 
spoilage. Acid phosphates produced by the action of phytase 
on phytin increased only after the deterioration was moder­
ately advanced, and the level of free amino acids increased 
only in badly damaged grain. 
Mold growth and biochemical changes occurring in corn 
stored at high moistures (17 to 31.2 percent), and with an 
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interseed atmosphere ranging from 0.1 to 21 percent oxygen, 
were examined by Bottomley, Christensen and Geddes (1950). 
These investigators found that mold growth and biochemical 
properties of the corn were affected most by relative humidity 
and least by composition of the atmosphere. The effect of 
each variable was dependent on the other. The nature of the 
microflora varied with moisture, temperature, and oxygen con­
centration, with Pénicillium spp. and Candida pseudotropicalis 
being the most tolerant to low concentrations of oxygen. In 
another grain storage study (Bottomley, Christensen and Geddes, 
1952), the effects of aeration and four moisture levels (19 
to 31 percent) on some of the chemical changes and the mold 
flora of stored yellow corn were analyzed. These investiga­
tors found that in the nonaerated samples there was relative­
ly little change in fat acidity or nonreducing sugars, but 
there was a decrease in seed viability. Certain molds, es­
pecially Cephalosporium spp. continued to increase in the sam­
ples stored at 31 percent moisture, even when the oxygen con­
tent of the interseed space had fallen to almost zero and the 
carbon dioxide concentration exceeded 30 percent. Under these 
conditions fat acidity remained relatively constant and was a 
poor measure of grain damage. These observations indicate 
that spoilage of high moisture grain cannot be completely pre­
vented by storage under hermetically sealed conditions. In 
aerated samples an increase of moisture content and time of 
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storage generally resulted in an increase of mold numbers and 
fat acidity, and a decrease in seed viability and nonreducing 
sugar content. Different species of molds predominated dur­
ing various intervals of storage and were associated with the 
moisture content of the grain. Decreases in nonreducing 
sugars paralleled the mold numbers more closely than did in­
creases in fat acidity. The growth of Aspergillus glaucus 
appeared to result in a rapid loss of nonreducing sugars and 
a slight increase in fat acidity, while the growth of A. 
flavus, A. Candida, Pénicillium s pp. and Pusarium spp. was of­
ten associated with a marked increase in fat acidity. 
Deterioration 
Zeleny (1954) stated that, "chemical changes, some of 
which have a profound effect on nutritive values, are continu­
ally taking place in all grain and milled products of grain 
regardless of how they are stored. With few exceptions these 
changes tend to be detrimental to the quality of the product. 
A primary objective in the storage of grain and its products, 
therefore, should be to control the conditions of storage, 
wherever practicable, so that the original quality of the 
products is maintained or the deteriorative changes are mini­
mized. 
According to Christensen (1957) deterioration is mani­
fested by: a) a decrease in germination, important in barley 
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to be used in malting, and in seed for planting; b) a decrease 
in processing quality, as in wheat and corn for milling; corn 
and other seeds used for starch; and flax, soybeans, cotton­
seed and other seeds for oils; c) sick or germ-damaged grain, 
a trade and grading term used to designate brown color of the 
germ, especially in wheat and corn; d) heating; and e) musti-
ness. 
Milner and Geddes (1954) caution that the advantages of 
airtight or inert gas storage must be weighed against the 
danger of deterioration due to anaerobic respiration. They 
state that, "anaerobic respiration soon produces dead grain, 
which is much more readily attacked by molds and deteriorates 
more rapidly than viable grain. It is quite generally recog­
nized that anaerobic respiration increases with increasing 
moisture content, and that airtight storage cannot be recom­
mended for high-moisture corn". 
It is obvious that the above authors are speaking strictly 
of the storage of dry grain to be used for seed or industrial 
purposes. However, about 84 percent of the 3.8 billion bushels 
of corn used in the United States for all purposes in 1958 
went for animal feeds, according to Senti and Maclay (1961). 
Many of the chemical and physical changes which cause grain 
to be unfit for industrial and seed purposes cannot be con­
sidered as deteriorative when the designated purpose of the 
stored grain is use as an animal feed. Deterioration, as de-
15 
fined by Lichtwardt and Barron (1959), is any unfavorable 
change in the grain which decreases the quantity or quality 
of its food value or palatability, or which lessen its suit­
ability for storage or processing. The latter definition of 
deterioration, if it is to be applied to ensiled high moisture 
grain, should be modified to include changes that reduce the 
feeding value of the grain by decreased nutrient efficacy, 
palatability or ease of handling. By these criteria properly 
ensiled HMC cannot be considered to be deteriorated. Feed­
ing trials have shown that the nutritive value of HMC and dry 
corn are equivalent, HMC is often more palatable than dry corn, 
and is easier to handle if the appropriate equipment is avail­
able. 
Microbiology and Biochemical Changes of Ensiled 
High Moisture Grain 
Information regarding the microorganisms and biochemical 
changes occurring in ensiled high moisture grain is contained, 
at the present, in a few publications. Many persons speak of 
ensiled HMC as silage, with the connotation that the process 
leading to the preservation of HMC is the same as the acid 
fermentation of green forage. Ensiled HMC does not need to 
become a high-acid product for preservation. 
Huxsoll (1961) studied the effects of moisture content 
and oxygen concentration on the production of total acidity in 
small containers of ensiled HMC. He found that interaction 
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of moisture content and oxygen concentration was apparently 
responsible for the selection and development of a particular 
microflora, with concomitant changes in the pH values. In an 
atmosphere of 8 percent or 0.5 percent oxygen the pH values 
decreased during storage as the moisture content was in­
creased from 18 to 28 percent. Corn with moistures of 23 
percent and 28 percent, stored in an atmosphere containing 2 
percent oxygen was covered with what appeared to be a sub­
stantial quantity of yeast and had a high pH value. The 
growth of Pénicillium spp. and Pusarium moniliforme was con­
siderably less in corn stored at 23 percent than at 28 per­
cent moisture. It was suggested that the high pH was caused 
by acid utilization or alkali production by the microflora. 
Schmutz (1962) reported that the moisture content had a pro­
found effect on the pH developed in ensiled HMC. In 24 per­
cent moisture corn the initial pH was 5.7 and the 60-day pH 
was 5.6. The 34 and 40 percent moisture corns had virtually 
the same initial pH as the 24 percent moisture corn, but a 
significantly lower pH was observed after 60 days of fermenta­
tion. The pH of corn stored at the higher moistures declined 
to 3.8 in 5 days, but increased slightly before the end of the 
second month of storage. 
According to Teunisson (1954a), rice stored in sealed 
bins with moisture contents of 18 to 20 percent became sour. 
However, there was no significant change in pH, except in the 
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surface rice stored for 34 days where the moisture content had 
increased to 27.6 percent. In this sample a pH decline to 5.1 
was recorded. As a part of the same study, rice stored in 
small, sealed containers for 7 to 46 days at moistures of 22 
to 25 percent had pH values of 6.4 to 6.9; one sample with a 
moisture content of 32.4 percent had a final pH of 5.9. 
An examination of the microorganisms in stored rice (18 
to 20 percent moisture) by Teunisson (1954a) revealed that 
some molds survived the 7 month storage period but did not in­
crease in numbers; aerobic bacteria survived or decreased in 
numbers; the facultative anaerobes.markedly increased; the 
yeasts increased tremendously in most layers of the pile of 
rice. Molds were cultured from the surface layer in rice 
stored for 7 months. These molds were mostly dark green, 
sporulating strains. Some resembled Rhizopus morphologically. 
The incidence of only 600 molds per g in the surface layer and 
less than 10 per g in deeper layers was a great reduction from 
the number of molds found in the controls. Of the 90,000 
molds per g of Zenith rice prior to storage, approximately 40 
percent were Fusarium sp. or spp., 25 percent were Pénicillium 
sp. or spp. and 22 percent belonged to the Aspergillus flavus-
oryzae group. Stemphylium sp., Curvularia sp., and Rhizopus 
sp. were present in smaller numbers. Only the predominant 
types survived 34 days of storage in the sealed bin. Although 
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reduced in numbers, Fusarium sp. or spp. survived in the 
greatest numbers in the top layers and members of the A. 
flavus-oryzae groups were predominant in the bottom layer. 
Pénicillium sp. or spp. survived only in the bottom layer, 
where they were reduced from 22,500 to only about 50 per g of 
rice. Molds were not isolated from sampling levels below 0.5 
ft. Aerobic, mesophilic bacteria in the top layers of the 
rice were in the same range of concentration as those usually 
found in the controls; the numbers decreased markedly in the 
deeper layers. Yeasts were the predominant type of organism 
isolated under anaerobic conditions from the rice stored for 
7 months. In rice stored for 34 days, yeasts were also iso­
lated in the highest dilution cultured anaerobically, but bac­
teria occurred in larger numbers. 
In another study concerning the storage of rough rice, 
Teunisson (1954b)-reported that the incidence of yeasts iso­
lated aerobically from sound, air-dried rice was less than 
1000 per g. On the other hand, the yeast population ranged 
from 1000 to 8.5 million per g in freshly combined rice stored 
in sealed containers in the laboratory. The yeasts isolated 
were predominately of the filamentous type in rice stored for 
7 months in a sealed bin. All the filamentous yeasts from 
this bin were Endomycopsis chodati. The nonfilamentous yeasts 
were Hansenula anomala and Pichia farinosa. Hansenula anomala 
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was more numerous and predominated in the top layers; however, 
the relative numbers of P. farinosa was greater in the deeper 
layers. In the rice stored for 34 days, almost as many non-
filamentous as filamentous yeasts were isolated, but the 
total yeast population was greater than in rice stored for 7 
months. Three types of filamentous yeasts were isolated 
from the two upper layers. Endomycopsis chodati and Candida 
krusei composed about 80 percent of the total number of iso­
lates. The other type isolate was Oospora lactis. Yeasts 
isolated from the lower levels of the bins were C. tropicalis 
and H. anomala. 
Yeasts in stored grain also may be important because at 
least two, Candida albicans and Crvptococcus neoformans, are 
animal pathogens. Christensen and Gordon (1948) reported the 
isolation of Ç. albicans from corn received by their laboratory. 
They observed grain encrusted with as many as 10^ C. albicans 
per g. Preliminary studies by the above authors indicated that 
C. albicans would grow rapidly on corn with moisture contents 
of 22 to 25 percent, but was not able to grow at moisture con^ 
tents below 20 percent. These yeast were facultative anaer­
obes, and were able to grow slowly in moist corn stored in an 
atmosphere of carbon dioxide. Many yeasts have been isolated 
from diseased animal tissues (Lodder and Kreger-Van Rij, 
1952). Reports of syntrophic relationships between yeasts 
and pathogenic bacteria have been reviewed by Skinner (1960). 
The relationships of the majority of these yeasts isolated 
from diseased tissue as actual etiological agents of disease 
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is unknown because many of the yeasts are also normal in­
habitants of the human skin (Di Menna, 1954; and Connell and 
Skinner, 1953). 
Whether the yeasts found in ensiled HMC are of any con­
sequence to the consuming animal has not been reported as far 
as is known. Presently it is believed that yeasts are bene­
ficial to the consuming animal, supplementing the diet with 
vitamins and essential amino acids. 
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MATERIALS AND MBTHœS 
A Description of the Silos and Storage Conditions 
Consideration will first be given the entire experimen­
tal system used in the present investigation because any 
study in microbial ecology involves control of a myriad of 
variables. One major variable encountered in evaluation of 
ensiling processes is the mass-effect: the problem of extra­
polating data obtained using small experimental units to units 
of much greater size. A similar situation exists in scaling-
up industrial fermentations where, even with pure cultures 
and rigidly defined conditions, the transition from small to 
large tanks is difficult, thus, many ideas were first ex­
posed to preliminary examination in quart jars or polyethylene-
lined, 50 gallon garbage cans. The aeration rates, for ex­
ample, were based on data obtained by Huxsoll (1961), who used 
2 quart mason jars as his experimental units. The structures 
used in the present study were thought to be of sufficient 
capacity, 250 bushels, that mass effect (compression, insula­
tion, convection, evaporation and condensation) would closely 
simulate those found in larger silos. 
The majority of the samples of corn examined in this study 
came from eight experimental silos located at the old Agri­
cultural Engineering Farm, Iowa State University. The bolted, 
metal silos were made essentially air tight by calking the 
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seams with a rubber-base sealer. The effectiveness of the 
sealing was tested by pressurizing the silo and measuring the 
pressure decline during a given period of time. Silos were 
fitted with sampling ports at 0.5, 1.5, 3.0 and 6.0 ft. to 
facilitate sampling (Figure 1). The silos were connected 
with a pipe to spirometers (Figure 2) to limit gas exchange 
with the outer atmosphere during heating and cooling of the 
mass within the structures. The 49 cu ft spirometers con­
sisted of two metal tanks, one inverted into the other. The 
gases were confined in the tanks by a water seal. 
In order to study the interaction of temperature and 
aeration on the microbial changes of the HMC, silos numbered 
21 to 24 were erected within a quonset where the temperature 
was maintained between 15 and 27 C. The remaining silos, 
numbered 17 to 20 were located out-of-doors and were subject 
to normal climatic fluctuations. Temperatures within the 
silos were measured by means of thermocouples placed at ap­
proximately the same heights as the sampling ports. Some of 
the silos were aerated to simulate gas exchange during removal 
of corn at feeding times. Silos 17 and 21 were maintained as 
sealed units, silos 18 and 22 were aerated with 6.5 cu ft of 
air, and silos 19, 20 and 23 received 49 cu ft of air at 
chosen intervals. Air was added through the top of the silos 
with the aid of a blower, except in the case of silo 20 which 
received air introduced at the bottom. Concentrations of 
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Figure 1 Four of the experimental silos 
24 
Figure 2. Spirometer, showing tanks, pipe and counter 
balance 
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oxygen and carbon dioxide were measured with an Orsat analyzer . 
An attempt to determine if added ammonia would be in­
corporated into yeast protein was initiated in silo 34. How­
ever, after several additions of ammonia the treatment was 
stopped because yeast numbers were greatly reduced and an off-
odor was noted. Ammonia was not utilized, even upon aeration 
of the bin. Also, a distinct browning-reaction was observed 
in corn near the top of the silo. This silo was kept sealed 
after the cessation of the ammonia treatment. 
Approximately 240 bushels of picker-shelled corn with a 
moisture content varying from 28 to 36 percent (Table 1) was 
required to fill each silo. Moisture contents were determined 
by drying the corn for 24 hrs at 105 C. 
Table 1. The loading and sealing schedules and the average 
moisture content of the ensiled corn in the eight 
silos 
Silo Finished loading Sealed Percent 
no. Time Date time Date moisture 
17 13:30 10-8-62 15:00 10-8-62 29 
18 16:00 10-5-62 31.5 
19 15:00 10-9-62 16:40 10-9-62 28 
20 16:00 10-5-62 17:30 10-5-62 33 
21 09:45 10—6—62 14:30 10—6-62 36 
22 11:00 10-6-62 15:30 10-6-62 33 
23 19:00 10—4—62 34.5 
24 09:00 10-5-62 13:30 10-5-62 33.5 
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Dry matter losses were determined by placing about 200 
g of wet corn in each of a number of nylon stockings and plac­
ing the containers at the level from which dry matter loss 
was to be estimated. At the time of unloading, the stockings 
of corn were recovered and the final dry matter content de­
termined by drying. 
Enumeration 
Fifty grams of sample were weighed in a tared liter 
waring Blendor container. The HMC was homogenized for 2 
minutes at high speed in 450 ml of sterile 0.1 percent pep­
tone buffer. Duplicate pour plates of appropriate dilutions 
in peptone buffer were made and an average of the two countable 
plates was recorded. 
Total aerobes, coliforms and yeasts and molds were 
enumerated by the viable plate count method. The media used 
for the microbial counts were Tryptone Glucose Extract Agar 
for total aerobes, and Violet Red Bile Agar (VRBA) for coli­
forms. Littman's Oxgall Agar, supplemented with 30 ug/ml of 
streptomycin, Malt Extract (MB) Agar and Yeast Morphology Agar 
were used to determine the numbers of yeasts and molds and 
the differences in their selectivity for various species of 
yeasts. All of the media are described in the Difco Manual 
(1953), and all but the Yeast Morphology Agar was obtained 
from that company. All petri plates were incubated at 30 C. 
Numbers of coliforms were determined after a two day incuba-
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tion period. The aerobes, yeasts and molds were counted af­
ter three days of incubation. Yeasts and molds were enumer­
ated on each of the three listed media. Counts on the three 
media varied only slightly and an average of the three counts 
was used in obtaining the counts reported herein. Generally, 
the mold count was taken from the same plates as the yeast 
count; however, in some instances, a higher count occurred on 
the VRBA medium, apparently due to less competition from 
yeasts at the lower dilutions. This count was used when it 
was higher than the counts on the other media. 
Selection of Yeasts for Isolation 
Several colonies of each morphological type were selected 
from the higher dilutions of each medium. It was assumed that 
yeasts isolated from the high dilutions would represent the 
predominant yeast species of the sample. It was also assured 
that the selection of every morphological type at the high 
dilutions would enhance the possibility of isolating some of 
the less numerous yeast species found on ensiled HMC. The 
colony selected was streaked onto a MB Agar plate and incu­
bated at room temperature until individual colonies were clear­
ly distinguishable. A subculture was transferred to a screw-
capped slant of MB Agar or Henrici*s Vegetable Juice Agar 
(Wickerham, 1951). In the latter medium, 3.5 g of yeast ex­
tract was substituted for the yeast cake. After growth ap­
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peared on the slants, the tubes were placed in a 10 C cold 
room for storage. Fifteen to 20 days before identification 
the isolates were brought back to room temperature to enhance 
sporulation. Ascospores were frequently produced by cultures 
maintained at room temperature for a week or more after being 
stored in the cold room for long periods. 
Identification of the Yeasts 
About 1180 yeast isolates from the experimental silos 
and 120 isolates from other sources, principally Iowa and 
Illinois, were identified using the criteria of Lodder and 
Kreger-Van Rij (1952), and the techniques of Wickerham (1951). 
The characteristics listed by Teunisson (1954b) of yeast species 
isolated from rice stored in sealed bins were also helpful. 
Characteristics of the vegetative reproduction were ob­
served on ME Agar. The Dalmau technique of placing a flamed 
coverslip over the freshly streaked agar surface was used to 
aid in the development and observation of pseudomycelium. 
Cell shape and ascospore formation were determined by observ­
ing wet mounts of the cultures by dark field microscopy. As­
cospore production by the isolates was determined after growth 
on Henrici's Vegetable Juice Agar or ME Agar. Cultures from 
both media were observed periodically, using a minimum of five 
observation dates and two transfers, for the production of 
ascospores. 
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Physiological tests used in identification were made by 
the tube method of Wickerham (1951). Inoculated tubes were 
incubated for 2 to 3 weeks; less, if a positive test was 
clearly observed. Due to the number of strains identified, 
the inoculum was not standardized. A portion of the cell 
paste was taken in a loop from tubes stored for 3 days to 3 
months and touched lightly to the surface of the test medium. 
The glucose tubes served as a control to verify the viability 
of the culture. Inoculated tubes were observed after 3, 7, 
10, 14 and 21 days of incubation at 29 C. Any questionable 
result was rechecked after reculturing the yeast. 
Upon completion of the identification of the approxi­
mately 1300 isolates by the criteria of Lodder and Kreger-Van 
Rij, forty-eight cultures were selected for further charac­
terization to aid in the grouping of the strains and verifi­
cation of the identifications, particularly those differing 
only in one fermentation or assimilation test. 
Cultures used for further characterization were re-
streaked onto ME Agar plates. A portion of an isolated 
colony was transferred with a loop to a slant of ME Agar which 
was kept as a stock culture, and a portion of the same colony 
was used in the preparation of a semi-standard inoculum. The 
inoculum was prepared in 15 ml dropper bottles containing 10 
ml of Nitrogen Base Medium (Wickerham, 1951) fortified with 
0.1 percent glucose. A drop of a two day-old, 27C, inoculum 
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was dispersed into each of duplicate, 13 mm diameter, tubes 
containing 5 ml of each test medium. The following compounds 
were used in the assimilation tests: nitrate, arabinose, 
arbutin, cellobiose, citric acid, i-erythritol, ethanol, 
galactose, glucose, gluconate, glycerol, inositol, lactic 
acid, lactose, maltose, mannitol, melibiose, alpha methyl 
glucoside, raffinose, rhamnose, ribose, soluble starch, suc­
cinic acid, sucrose, trehalose, and xylose. 
The tubes containing the various carbon sources were in­
cubated at 29 C and read at approximately 3 day intervals, 
spanning a period of about 4 weeks. Assimilation reactions 
were recorded as follows; medium remains clear, no growth (-); 
a very slight turbidity, growth probably due to endogenous nu­
trients, not interpreted as growth (1); slight turbidity, but 
with light readily passing through the medium, not interpreted 
as growth but with reservation (2); turbid, some light passes 
through the medium, interpreted as growth (3); medium opaque, 
with a pellicle, or heavy precipitation of cells (4). No 
subcultures of the (2) and (3) reactions were made; however, 
there was a tendency to read questionable growth as (3). 
Hence, the error in reading the reactions, if any, will be in 
the ability to assimilate a compound that the yeast cannot 
assimilate. The ability of a yeast to assimilate nitrate was 
determined after acclimatizing the yeast for 7 days in the 
nitrate assimilation medium. The second tube inoculated from 
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the nitrate source was read on the seventh and fourteenth day 
following inoculation. 
Fermentation tests were also conducted according to the 
procedure of Wickerham (1951). The sugars used in the fermen­
tation tests were galactose, glucose, maltose, melibiose, 
raffinose and sucrose. Fermentation media were inoculated 
with a drop of the inoculum and incubated at 29 C. The tubes 
were shaken and gas production recorded after 1, 2, 4, 6, 8, 
12, 16, 20, 24 and 28 days. The production of gas was record­
ed as follows: no gas, usually an alkaline reaction (-); a 
couple of small gas bubbles entrapped in the Durham tube (1); 
about 0.25 inch of liquid displaced in the Durham tube (2); 
Durham tube about one-half full (3); liquid completely dis­
placed, or a rapid foaming when the tubes were shaken (4). 
Other taxonomic criteria included the reaction in litmus 
milk, the production of starch, the production of pigments and 
the formation of a pellicle on ME. These tests were made ac­
cording to the procedures of Lodder and Kreger-Van Rij (1952). 
Morphological features of 5 day-old cultures grown on 
Morphology Agar and incubated at room temperature were ob­
served. The dalmau technique was used. Cell measurements 
were made from a wet mount, and determined with the aid of a 
calibrated eye piece micrometer. 
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RESULTS AND DISCUSSION 
Carbon Dioxide and Oxygen Concentrations 
The concentrations of carbon dioxide and oxygen in silos 
containing HMC were determined to correlate the composition 
of the silo atmosphere with changes in the microbial flora. 
It has been assumed by some persons that there is layering of 
the gases in the silo. Carbon dioxide, being the heaviest 
molecule of the common gases found in silos, is thought to 
settle over the grain and inhibit growth of aerobic microorgan­
isms. Gas analyses were taken at depths ranging from zero to 
7.5 ft to ascertain the time required for equilibration of 
the gases within the silos and to correlate differences, if 
they existed, with the development of the microflora. 
In the outdoor, sealed silo (silo 17), the concentration 
of carbon dioxide was 99 percent after 3 weeks of storage 
(Table 20). This high level of carbon dioxide was not re­
tained within the silo, but the concentration declined at a 
near constant rate of 0.6 percent per day for about 4 months, 
and stabilized thereafter at about 25 percent. Oxygen con­
centrations in this silo were in excess of 0.5 percent for the 
first half of the storage period and exceeded 1 percent for 
the last 3 months of storage. In the presence of 0.5 percent 
oxygen molds would be expected to proliferate; however, there 
was no detectable increase in the number of molds (Table 12). 
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The inhibition of mold growth at this level of oxygen may be 
attributed to other, interrelated factors. Peterson et al. 
(1956) reported that mold growth was not completely inhibited 
at oxygen concentrations of 0.2 percent in 18 percent moisture, 
hard red spring wheat stored at 30 C. However, in the pres­
ence of 21 percent oxygen and levels of carbon dioxide ex­
ceeding 18.6 percent, a marked reduction in respiration and 
mold growth occurred. At large concentrations of carbon 
dioxide (30 and 79 percent), the viability of the wheat re­
mained high and there was littlg or no germ damage. 
In the indoorj sealed unit (silo 21), the concentrations 
of carbon dioxide generally paralleled those in silo 17. 
The rate of carbon dioxide decline was slightly greater in 
the indoor silo than in the outdoor silo. The carbon dioxide 
level persisted at about 20 percent after the fourth month of 
storage. Oxygen concentrations in silo 21 were below 0.5 per­
cent, except on several dates occurring about 60 days after 
storage (Table 22). Oxygen concentrations in silo 21 were 
less than those in silo 17; this is apparently due to utiliza­
tion of ingressing oxygen and production of carbon dioxide 
by a more active microbial respiration at the indoor tempera­
tures than at the outdoor temperatures. 
Gas concentrations in the silos aerated with 50 cu ft of 
air were, as expected, drastically changed by the aerations. 
The first aeration series reduced the carbon dioxide content 
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from 80 percent to approximately 30 percent. In the corres­
ponding outdoor structure, silo 19, the carbon dioxide con­
centration increased only slightly immediately after the 
first aeration series and then declined slightly until the 
second aeration series. The second aeration series reduced 
the concentration of carbon dioxide to less than 10 percent. 
Oxygen percentages increased sharply during both aeration 
series. Depletion of oxygen in silo 19 occurred after the 
first aeration series, but the second aeration series resulted 
in a 60-day period where the concentration of this gas ex­
ceeded 3 percent (Table 21). In the indoor, aerated unit 
(silo 23), the carbon dioxide content increased about 10 per­
cent in 60 days after the first aeration series. The second 
aeration series reduced the concentration to about 20 percent. 
There was no increase in the carbon dioxide percentage fol­
lowing the second aeration series. The oxygen concentrations 
remained below 1 percent, except during the series of aera­
tion, throughout the ensiling period. The rapid utilization 
of oxygen in the indoor silos indicates that microbial respira­
tion in the indoor silos is greater than in the outdoor silos. 
Gas analyses reveal that little difference exist in the 
gas compositions at the various depths of the silos. The 
data show that within a few hours after aeration there is only 
a small difference in the gas concentrations at the levels of 
measurement (Tables 20 to 23). Apparently the gases diffuse 
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quickly, even in a mass such as ensiled BMC. 
Temperatures of the Ensiled Corn 
Temperatures were measured at 24 positions in each of 
the silos. A string of 6 probes was placed 1 ft apart at 
depths of 0.5, 1.5, 3.5 and 7.5 ft below the surface of the 
corn. The temperatures varied only slightly in the silos ex­
posed to outdoor temperatures, but differed considerably from 
the indoor silos. Temperatures of the corn in the indoor 
silos varied only slightly from one another. The temperatures 
given in Tables 2 and 3, include readings from the south, 
center and north thermocouple of each level. • Since there 
were only slight differences between corn temperatures within 
the outdoor; and within the indoor silos, only a portion of 
the temperature readings for a single outdoor; and a single 
indoor silo are presented here. 
Table 2. Temperature, in degrees F, from 3 locations of 
each of the 4 sampling levels of silo 17 
Days 
ensiled 1 2 3 4 
6 7fi, 71, 7Ô 74, 75, 72 74, 7Ô, 73 74, 71, 73 
21 61, 63, 44 56, 68, 56 65, 67, 47 60, 64, 46 
50 44, 41, 40 42, 48, 42 42, 45, 41 42, 45, 39 
57 53, 50, 49 49, 48, 46 48, 49, 49 45, 48, 45 
64 27, 30, 23 42, 31 36, 42, 21 29, 43, 21 
106 15, 20, 10 14, 26, 17 12, 27, 08 13, 28, 08 
140 20, 22, 21 25, 20, 21 23, 21, 25 23, 22, 24 
162 42, 40, 40 42, 30, 35 40, 24, 38 44, 25, 33 
206 55, 54, 47 47, 55, 53 46, 50, 40 44, 48, 41 
*This silo was sealed on 10-8-62. 
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Table 3. Temperatures in degrees P, from 3 locations of each 
of the 4 sampling levels of silo 21 
Days a 
ensiled 1 2 3 4 
1 84 80 78 77 
8 79, 88, 73 88, 83, 78 88, 82, 76 75, 80, 76 
55 68, 61, 61 69, 65, 61 73, 65, 59 57, 61, 56 
77 86, 68, 71 64, 61, 61 83, 61, 61 62, 56, 54 
99 98, 77, 74 76, 72, 69 92, 70, 66 66, 60, 57 
127 92, 80, 77 86, 70, 73 98, 77, 69 65, 61, 57 
155 87, 80, 73 83, 76, 71 89, 76, 68 68, 62, 61 
165 83, 78, 73 79, 72, 67 85, 70, 64 66, 61, 58 
®This silo was sealed on 10-6-62. 
Acidity 
The acidity of HMC is not a measure of preservation, nor 
does it reflect the quality of the corn. Therefore, the plan 
of this study did not include pH determinations; however, a 
brief discussion of acidity will be made. Huxsoll (1961) re­
ported pH values of HMC ranging from acidic to basic, depend­
ing on the oxygen concentration and the moisture content. He 
suggested that the pH rise was due to acid utilization, or 
alkali production by the microflora. High pH values were 
usually associated with an abundant yeast growth. 
In the present study it was found that the predominant 
yeasts present in ensiled HMC readily assimilate lactic acid. 
This process could account for the pH rise from high acid to 
near neutral observed by Huxsoll (1961). 
Acidity of the corn may be further reduced by deamination, 
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or some other reaction, after available carbohydrates are 
utilized. Some of the yeasts, Candida intermedia, C. tropi-
calis, C. krusei, and C. parapsilosis, growing in a fermenta­
tion medium consisting of peptone, yeast extract and a non­
assimilable sugar, caused very alkaline reactions. The pH 
values of the medium increased from 7.0 up to 8.5. It is 
likely that similar metabolic reactions might contribute to 
production of alkaline conditions in ensiled HMC. The im­
portance of pH in HMC has not been studied, but acid feeds 
are usually more palatable to livestock. 
Dry Matter Losses 
The sugar content of yellow dent corn ranges from 1 
percent to 3 percent (Miller, 1958). Fermentation losses of 
corn in containers recovered from the ensiled corn were, gen­
erally, less than 3 percent (Table 4). These calculated dry 
matter losses are in agreement with those of Schmutz (1962), 
who reported dry matter losses of 3 percent to 6 percent in 
corn where some top spoilage was allowed. The percent dry 
matter loss indicates that the major components of corn are 
relatively resistant to attack by microorganisms proliferating 
in ensiled HMC. Large fermentation losses are encountered 
only if organisms with hydrolytic enzyme systems, principally 
the molds, are not inhibited. 
38 
Table 4. Dry matter loss of corn in containers placed in 
the experimental silos 
Silo no. Level Percent dry matter lost 
0 2.3 
17 1 2.3 
2 2.5 
4 2.7 
0 2.1 
1 3.5 
19 2 3.4 
3 2.6 
4 2.3 
21 3 2.5 
4 2.3 
0 5.4 
22 1 2.7 
4 1.9 
Lactic Acid Bacteria 
An enumeration of the lactic acid bacteria was not made 
during the 1962-63 storage season. Information gathered in 
1 
1958-59 by Hartman indicated that the counts of aerobes, 
anaerobes and lactic acid bacteria differed only slightly 
(Figure 3). In the 1958-59 season samples were prepared for 
plating by methods which were extensively studied (Hartman 
and Huntsberger, 1960). Selection of media was based on counts 
H^artman, P. A., Ames, Iowa. High moisture corn storage I* 
Microbiology. Personal communication. 1962. 
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Figure 3. Numbers of aerobic, anaerobic and lactic acid 
bacteria in a sealed silo during the 1958-59 
storage period 
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obtained on 95 samples of HMC. In this study counts obtained 
from Tomato Juice Agar and APT Agar, both lightly overlayed 
with sterile agar, and Thioglycollate Agar, heavily overlayed 
with sterile agar and incubated in candle jars, were similar 
to those obtained on Trypticase Glucose Extract Agar. The 
media used in this study were prepared by Baltimore Biologi­
cal Laboratories, Inc. (1956). Schmutz (1962) also reported 
that a similarity was found between the numbers of total 
aerobes and lactic acid bacteria in HMC. 
The lack of a significant difference between the numbers 
of aerobes, anaerobes and lactic acid bacteria implies that 
one group of bacteria is being counted on all of the selective 
media. The lactic acid bacteria, because they are facultative 
with regard to air, apparently gtow under the conditions used 
to determine the number of aerobes and anaerobes. It may be 
concluded, from this indirect evidence, that the lactic acid 
bacteria are the predominant bacterial organisms associated 
with ensiled HMC. 
Aerobic Mesophilic Bacteria 
In a review of the microflora of grain, Semeniuk (1954) 
cited much literature in which many species of bacteria on 
the surface of freshly harvested and stored grain have been 
identified. Although a number of bacterial groups (aerobes, 
anaerobes, lactic acid bacteria, etc.) have been associated 
with the fermentation of wet grain, little work has been done 
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on identifying the species of bacteria that comprise each 
group. Schmutz (1962) followed the development of cocci and 
bacilli in ensiled HMC. Within 24 hrs of ensiling cocci were 
more numerous than bacilli. After the first day of storage 
the rods out-numbered the cocci. In 24 percent moisture corn 
a relatively large number of cocci was present throughout 
the storage period. There were less aerobes and lactic acid 
bacteria in 24 percent, than in 34 and 40 percent moisture 
corn during the ensiling process. 
Although the enumeration conditions in this study were 
conducive to the propagation of many species of aerobic and 
facultative microorganisms, a previous study indicated that 
the number of aerobic bacteria in samples of HMC are nearly 
the same as the number of lactic acid bacteria and anaerobic 
bacteria. Lactic acid bacteria are, also, the predominant 
microorganisms in ensiled forages and other fermentations of 
plant products. 
The number of bacteria in the corn prior to ensiling was 
7 
about 10 per g. In general, there was a 10 to 100 fold in­
crease in bacterial numbers in all of the silos and at all 
levels. Corn from the upper levels usually contained a 
slightly higher number of bacteria than corn from the other 
levels of the silos. In silo 17 the number of aerobic bac­
teria reached a maximum stationary phase of slightly more 
O 
than 10 per g within a few days of storage (Figure 4). In 
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Figure 4. Numbers of aerobic bacteria at 3 sampling levels 
of an outdoor, sealed silo (Complete data in 
Table 11 of the Appendix) 
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silo 23 (Figure 5), the total counts of aerobes revealed a 
similar pattern of development as that in silo 17. In the 
indoor, aerated silo the number of bacteria during the sta­
tionary phase was slightly more than in the outdoor silo. 
Aeration after a 100 day storage period was not followed by 
an increase in the mesophilic, aerobic bacteria. In fact, a 
slight decline in numbers was noted. Presumably the lack of 
oxygen, at room temperature, was not the factor limiting the 
reproduction of bacteria associated with ensiled HMC. 
In summary, the number of total aerobes differed only 
slightly by level and no consistent pattern was observed. The 
differences in numbers of aerobes was, likewise, little af­
fected by the aerations. At indoor temperatures bacterial 
numbers reached slightly higher levels than at outdoor tempera­
tures. 
Coliform Bacteria 
Coliform bacteria are present in large numbers on fresh 
herbage. According to Kroulik et (1955), coliform bacteria, 
after an increase at 2 days storage, decreased very rapidly in 
ensiled high moisture forage and were not detectable a week 
after ensiling. 
Coliform counts during the 1962-63 storage period indi­
cated that this group of microorganisms is relatively unim­
portant in HMC storage. The second and fourth levels of silo 
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Figure 5. Numbers of aerobic bacteria at 3 sampling levels 
of an indoor silo which received 50 cu. ft. of air 
on aeration dates (Complete data in Table 17 of 
the Appendix) 
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17 and 19 are used in this discussion as an example of the 
changes occurring in coliform numbers during the ensiling 
period (Figure 6). The number of coliforms on freshly har­
vested HMC, in this particular field, and season, was about 
10^  per g. Though the number of coliform bacteria increased 
a 100 to 100 fold after a few days of storage, their numbers 
declined and remained relatively low after 10 days of storage. 
The second level of silo 22 (Figure 7) contained some spoiled 
corn at the time of unloading, and associated with this 
spoilage was a fairly high number of coliform bacteria. In 
this silo and level the coliform count was less than 10 per 
g after 137 days of storage, but at the time of unloading, 162 
days after ensiling, the coliform numbers had increased to 
10^  per g. Coliform bacteria are apparently secondary invaders 
that increase along with aerobic deterioration of ensiled corn. 
There probably is some interrelationship between the 
number of coliforms, molds, aeration and temperature. The 
coliform counts were usually so low, however, that the data 
can be subject to misinterpretation if the interrelationships 
are carried too far. Their role in properly ensiled HMC ap­
pears to be limited. 
Molds 
Molds are considered to be the principal cause of spoil­
age in stored grain (Semeniuk, 1954; Christensen, 1957), With 
46 
lOr 
< 
S 
Û: 
8 
o LEVEL 2, SILO 17 
A LEVEL 4» SILO 17 
X LEVEL 2» SILO 19 
• LEVEL 4> SILO 19 
SEALED 
AERATED 
z 7 
3 
O 
"6 
lii 
m4 
< 
CD 
3 
20 40 60 80 100 120 140 160 180 200 
ENSILING PERIOD IN DAYS 
Figure 6. Numbers of coliform bacteria in the top and bottom 
sampling levels of a sealed, outdoor silo and an 
outdoor silo which received 50 cu. ft. of air on 
aeration dates (Complete data in Tables 11 and 17 
of the Appendix) 
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Figure 7. Numbers of coliform bacteria in the top and bottom 
sampling levels of a sealed, outdoor silo and the 
top level of an indoor silo which received 6.5 cu. 
ft. of air on aeration dates (Complete data in 
Tables 11 and 16 of the Appendix) 
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the utilization and restriction of oxygen, however, mold 
growth is adequately controlled in sealed storage units. The 
reduction of mold growth and metabolism by the exclusion of 
air is the principal goal of the ensilage process. 
The number of molds in the freshly harvested grain was 
slightly more than 10^  per g. Mold numbers increased rapidly 
7 ' to about 10 per g during the first few days of storage and 
then declined to less than 100 detectable molds per g within 
about 30 days. In the outdoor silos mold numbers were less 
than 100 per g in all silos and levels after 34 days of stor­
age. The first aeration series was followed by an increase 
in mold numbers to over 10^  per g in the second level of silo 
19; however, the second aeration series was followed by no de­
tectable increase in mold numbers. The second aeration series 
was during an extremely cold period; thus, mold growth was 
apparently inhibited. . Mold growth in the third and fourth 
levels of the silos was unaffected by the aerations. 
Corn in the indoor silos contained 100 molds or less per 
g at all levels after the fortieth day of storage. The mold 
numbers increased to slightly more than 100 per g in the 
second level of silo 23 following the first aeration series, 
but numbers remained relatively low until the silos were emp­
tied. There was some mold growth on the top several inches 
of corn at the time the silos were emptied. The presence of 
mold on the corn surface indicates that the silos were not 
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air-tight. Gas analyses, however, showed little difference 
existed between the internal gas percentages at the various 
levels. It is likely that oxygen entering through a small 
leak in the top did not effect the overall gas concentrations 
because the oxygen was consumed as rapidly as it entered the 
silo. This assumption appears to be valid, since the mold 
counts on corn from the center of the silos were considerably 
lower than those from samples obtained at the sides of the 
silos (Figure 8). This information indicates that small leaks 
have resulted in "pockets" of mold growth on corn along the 
sides of some of the silos. 
Yeast Enumerations 
Many yeasts, being facultative anaerobes, are not only 
able to survive the conditions imposed during ensiling, but 
increase rapidly when more favorable environmental conditions 
occur. The presence of yeasts in ensiled HMC have been men­
tioned in a number of reports (Zogg et al., 1961; Benjamin 
and Jordan, 1960). Yeasts were the predominant microflora 
isolated from high moisture rice stored for 7 months under 
anaerobic conditions according to Teunisson (l954b). 
The moisture content of the ensiled corn plays an import­
ant role in the development of yeast growth. Huxsoll (1961), 
who studied the general microflora of corn stored at differ­
ent moisture levels, obtained a marked decrease in yeast 
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Figure 8. Numbers of molds in the top and bottom sampling 
levels of a sealed, indoor silo, and an indoor 
silo which received 50 cu. ft. of air on aera­
tion dates (Complete data in Tables 15 and 17 of 
the Appendix) 
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numbers as the moisture content was reduced from 23 to 18 
percent. Similarly, microbiological investigations by Hart-
1 
man , on HMC used in swine feeding trials of Hunt (1960), 
revealed that yeast and bacterial numbers on 21 percent mois­
ture corn were approximately one-tenth of those reported on 
23 percent moisture corn. The report by Schmutz (1962) in­
dicated that yeast numbers were greater in ensiled corn with 
34 percent moisture than in corn with 40 percent moisture; 
and highest, of the 3 moistures, at 24 percent. The preceding 
information evinced the optimum moisture level for yeast 
growth to be near 24 percent. 
Huxsoll (1961) reported that oxygen concentrations had 
marked effects on yeast growth. Yeast growth, on ensiled 
corn used in the present study, was also affected by oxygen 
levels. However, other environmental factors may be more im­
portant than the oxygen concentration in influencing yeast 
numbers in ensiled corn. The presence, or lack, of available 
carbohydrate must be considered as a factor in yeast multipli­
cation. 
Yeast counts in the third and fourth levels of all of 
the silos ranged from a thousand to slightly more than a 
million per g during the major portion of the storage period 
(Tables 12 to 19). Corn from the upper levels of the silos 
H^artman, P. A., Ames, Iowa. High moisture corn storage I. 
Microbiology. Personal communication. 1962. 
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generally contained 10 to 100 times more yeasts per g than 
corn from the lower levels. The number of yeasts on corn as 
it came from the field was nearly 10^  per g. In all the silos 
except silo 23, a decline in yeast numbers was noted in the 
third and fourth levels some time during the first month of 
storage. After the first month of storage yeast numbers 
increased about 10 to 100 fold, with minor fluctuations, 
during the ensiling period. 
Yeast numbers at the lower levels of the indoor silos 
were only slightly higher than at the same levels of the out­
door silos. In fact, silo number 19 had a greater number of 
yeasts at the lower levels of sampling than the corresponding 
indoor silo, silo number 23. 
An interpretation of the fluctuations in the viable yeast 
count cannot be linked directly with any of the measured en­
vironmental factors. Data obtained from silo number 17 
(Figure 9) and silo number 23 (Figure 10) were selected to il­
lustrate the similarities and differences of the extreme 
treatments. At the third and fourth level of storage yeast 
numbers were nearly the same in both silos; however, there 
were greater fluctuations of yeast numbers in the warmer silo. 
The stability of yeast numbers in the outdoor silo was prob­
ably due to the refrigeration temperatures occurring during 
the winter. There is a great difference in yeast numbers in 
the top level of the two silos. The aerated, indoor silo had 
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Figure 9. Numbers of yeasts at 3 levels of an outdoor, 
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Figure 10. Numbers of yeasts at 3 levels of an indoor silo 
which received 50 cu. ft. of air on aeration 
dates (see Appendix, Table 18) 
55 
almost a thousand more yeasts per g than the nonaerated, out­
door silo. The most interesting feature observed in silo 23 
is the pronounced increase in yeast numbers following the 
first aeration series, and the nearly negligible effect of 
the second aeration series. The lack of increased yeast 
growth following the second aeration series implies that a 
factor, in addition to oxygen, is required for yeast growth 
on ensiled corn. 
Interrelationship of Microorganisms and 
the Environment 
Aerobic bacteria in all levels of the silos, regardless 
8 9 
of aeration or temperature, increased to between 10 and 10 
viable cells per g within a few days of ensiling. Their num­
bers remained at this level throughout the ensiling period 
(Tables 12 to 19). The total number of bacteria were un­
affected by temperature, oxygen and carbon dioxide levels, or 
changes in yeast numbers and species (Figures 11 to 15). 
Similarly, differences in yeast numbers could not be as­
sociated with the measured environmental factors (Figures 11 
to 15). Changes that one might attribute to a specific ex­
perimental condition such as aeration, were also found in the 
controls, or could be satisfactorily explained otherwise. 
Yeast numbers in indoor and outdoor silos varied more 
than bacterial numbers, but these variations were not inter­
dependent with temperature. Some of the outdoor silos had 
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trations and bacteria and yeast counts from an 
outdoor, sealed silo 
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Figure 12. Temperatures, carbon dioxide and oxygen concen­
trations and bacteria and yeast counts from an 
outdoor silo which received 50 cu. ft. of air on 
aeration dates (See Appendix, Tables 14 and 21) 
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Figure 14, Temperatures) carbon dioxide and oxygen concen­
trations and bacteria and yeast numbers from an 
indoor silo which received 6.5 cu. ft. of air 
on aeration dates (See Appendix, Table 17 ) 
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dates (See Appendix, Tables 18 and 23) 
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more yeasts per g of corn than the corresponding indoor silos 
and visa versa (Table 5). 
Table 5. Log count of yeast numbers representing an early, 
middle and late period of ensiling* 
Days 54 137 162 or 204% 
Level 
Silo no. 2 3 4 2 3 4 2 3 4 
17 5.48,4.00,5.58 4.52,4.48,4.54 5.53,4.68,4.65 
18 3.95,4.93 4.95 6.45,3.90* 
19 6.64,6.30 5.97,5.58,5.40* 
20 8.11,5.88,5.89 7.00,5.93,5.88 8.30,8.22,6.30* 
21 6.48,4.53,6.70 7.11,5.74,5.45 8.10,3.00,3.00 
22 7.70,5.00 7.48,4.43,5.81 7.08,3.00,3.00 
23 8.44,4.18,4.60 8.40,4.88,5.54 7.90,7.00,3.00 
24 6.34,5.65,5.65 5.52,4.43,6.95 3.00,5.95,5.72 
^Complete data in Tables 12 to 19 of Appendix. 
In the aeration studies, the first aeration series was 
followed by a rapid increase in yeast numbers in the upper 
level of silo 23 (Figure 15). Yeast numbers in the two lower 
levels declined during the aeration series. A second aeration 
series was followed by a 10 fold increase in yeasts at all 
levels of silo 23; however, the same response was noted in 
silo 21, the nonaerated silo. No sample was obtained from 
level 2 of silo 19 following the first aeration, but the 
yeast count at the two lower levels increased about 10 fold. 
The lower level of silo 17, the nonaerated silo, also had a 
comparable increase and this negates aeration as the reason 
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for the rise in yeast numbers in silo 19. 
The upper level of all silos contained more yeasts than 
other levels* A high yeast number at the upper level might 
be related with mold growth. It is difficult to assess the 
interrelationship of molds and the other microorganisms, be­
cause the number of molds, in all silos, was less than a 
•thousand per g for the greater portion of the storage period. 
However, high yeast numbers were usually accompanied by a 
detectable number of molds. 
Though air has been reported to be responsible for in­
creased yeast numbers in ensiled high moisture grain, other 
indirect factors must be considered. The presence of oxygen 
above a critical level could enable molds to grow, at least 
slowly. The molds might then synthesize enzymes that would 
produce carbohydrates that are assimilable by other micro­
organisms. The availability of assimilable carbohydrate, in 
addition to oxygen, would provide a favorable environment for 
yeast growth. In turn, yeasts multiply and utilize oxygen 
and produce carbon dioxide, causing a suppression of mold 
metabolism. Ensiling must limit gaseous exchange to control 
mold proliferation. 
Hansenula anomala was the yeast most frequently isolated 
from all silos, but temperature had some bearing on the pro­
portion of the "storage species". A comparison of the number 
of isolates picked from indoor and outdoor silos suggests 
that the warmer environment allows a greater development of 
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C. krusei (Table 6). The overall ratio of H. anomala to C. 
krusei in the indoor silos was about 2:1, whereas the overall 
ratio was over 4:1 in the outdoor silos. Each outdoor silo 
had a larger percentage of H. anomala than the corresponding 
indoor silo. No great difference was noted in the proportion 
of H. anomala and C.-krusei obtained from samples taken from 
the various levels of the silos (Table 7). An unusual situa­
tion occurred in silo number 21. In this silo the top level 
contained an unusually high percentage of C. krusei and only 
one isolate of this species was picked from the lower levels. 
Table 6. Number and ratio of H. anomala and C. krusei iso­
lated from each silo"" "" 
Silo Outdoor silos Silo Indoor silos 
no. yeast no. yeast 
1 2 ratio 1 2 ratio 
17 93 22 4:1 21 42 32 4:3 
18 74 27 3:1 22 45 26 2:1 
19 93 10 9:1 23 65 31 2:1 
20 74 22 3:1 24 85 34 3:1 
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Table 7. Number of H. anomala and Ç. krusei isolated from 
each level^bf tne silos 
Level Yeast 
17 18 
Silo number 
19 20 21 
Yeast numbers 
22 23 24 
1 13 25 23 6 15 15 34 
2 2 4 0 8 19 13 13 10 
1 20 17 20 21 14 15 17 17 
3 3 7 2 3 2 1 5 5 11 
1 17 24 24 15 11 9 15 24 
4 2 7 7 4 3 0 6 7 12 
The Sequence of Yeasts in the Bnsiled Corn 
The microflora of the freshly harvested, picker shelled 
KMC contained about 10^ yeasts per g. The yeast species most 
frequently isolated from the fresh HMC was Candida parapsilo-
sis. Only a small number of isolates present in HMC prior to 
ensiling was identified. Samples taken within the first week 
cf storage, however, were expected also to represent the 
normal yeast flora of the maturing grain ensiled for this 
study. Isolates taken from samples within the first week of 
storage and identified consisted of 73 percent C. parapsilosis 
and 15 percent C. intermedia. 
An examination of Table 8 will verify the conclusion 
that the "field species" do not readily compete with other 
microorganisms in the environmental conditions within the 
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silos. Candida parapsilosis and C. intermedia are rapidly out­
grown by Hansenula anomala and C. krusei. The latter two 
species persisted throughout the storage period in all eight 
silos. Hansenula anomala represented 68 percent and C. krusei 
26 percent of the identified isolates after the twelfth day 
of storage. By the thirty-fourth day of ensiling the field 
species were isolated infrequently, but an occasional repre­
sentative of this group was found throughout the ensiling 
period. 
The sequence of yeasts within the silos is, no doubt, 
greatly influenced by the environmental factors within the 
structures. It is difficult to single out factors controlling 
the selection of one microorganism over another in a mass 
with innumerable, uncontrolled variables. Nevertheless, a 
reasonable explanation may be found in the ability, or in­
ability, of these yeasts to assimilate certain carbohydrates. 
For example, H. anomala and Ç. krusei utilize lactic acid 
readily, whereas C. parapsilosis and G. intermedia do not 
assimilate this acid (Table 10). Candida tropicalis was the 
only other yeast, of those tested, that assimilated lactic 
acid as a sole source of carbohydrate. Why this yeast is not 
as abundant as the other two lactic acid-assimilating yeasts 
must be found in other variables. It is possible that the 
yeast requires more oxygen for rapid growth than does H. 
anomala and C. krusei. 
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The data indicate that lactic acid producing bacteria 
are present in high numbers in ensiled HMC (Figure 3). The 
sequence of the microorganisms, and the role of environment 
on this sequence may be explained as follows: 1) the corn as 
it is placed in the silos contains a number of bacterial, mold 
and yeast species; 2) the rapidly respiring grain and micro­
flora deplete the oxygen supply with a resultant increase in 
carbon dioxide, thus, the growth of molds and obligately aerobic 
bacteria is inhibited; 3) the facultative anaerobic bacteria 
(the lactic acid producing bacteria) and the yeasts are left to 
compete for the available sugars (both groups of micro­
organisms require simple carbohydrates as an energy source); 
4) most of the sugars are assimilated within one week, and 
C. parapsilosis and C. intermedia are without an available 
substrate required for growth; 5) the lactic acid producing 
bacteria convert the majority of the simple sugars to lactic 
acid which is readily assimilated by H. anomala and C. krusei. 
Although the species discussed here provide the bulk of 
the isolates studied, the method for selection of isolates 
was designed to pick the most abundant yeasts. Species oc­
casionally isolated but not mentioned in this discussion or 
included in Table 8 were Kloeckera apiculata, Rhodotorula sp., 
Torulopsis glabrata and Saccharomyces rosei. If an exhaustive 
selection of yeasts from a particular sample had been made, 
it is likely that the above mentioned species would have been 
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Table 8. The number of each yeast species selected from the 
HMC at various periods of ensiling 
Days Species designation (if identified) 
ensiled 123456789 10 
0 1 3 5 1 1 
7 6 3 70 49 2 26 3 - 7 13 
12 25 8 8 5 - 7 7 1 - 7 
19 32 5 5 5 1 3 3 M 1 20 
34 71 29 11 6 1 7 3 2 1 12 
40 78 32 4 2 - - - 3 2 6 
47 52 34 - - - - - 2 - 6 
54 80 37 1 - - - 1 1 1 7 
97 68 25 - - - - 1 6 - -
162 17 12 - 1 - 1 7 - - 3 
176 22 20 - - - - 1 3 - 3 
207 39 8 - - - - 2 » 1 
209 49 9 •M - _ - — 2 _ 4 
221 69 27 1 - - - - 15 
-
2 
Total 608 250 103 73 5 47 26 37 12 84 
Percent^ 52 22 9 6 4 2 3 1 
^Ensiling date 10-4-1962 
^Percent of the identified isolates 
1. Hansenula anomala 
2. Candida"krusei 
3. Ç. parapsiiosis-l including 8 isolates of Ç. 
pulcherrima (see characterization of isolates) 
4. C. parapsilosis-2 (see characterization of iso­
lates 
5. C. parapsilosis-3 (see characterization of iso­
lates 
6. C. intermedia 
7. Ç. tropicalis 
8. Pichia membranaefaciens 
9. Others 
10. Lost or discarded . 
69 
isolated more frequently. 
Yeasts isolated from corn stored in 21 silos located in 
Iowa and Northern Illinois supplement the evidence that the 
yeast species most frequently encountered in HMC are H. 
anomala and C. krusei (Table 9). Candida parapsilosis was 
an infrequent isolate from these silos, as it was in the ex­
perimental silos. This yeast species apparently persists for 
long periods in ensiled corn. A yeast species not encountered 
in corn from the experimental silos, but found in corn ob­
tained from other silos was Endomycopsis chodati. This yeast 
species was found in ensiled rice by Teunisson (1954b), who 
also characterized the isolates. 
Table 9. Species and numbers of yeasts isolated from 21 
samples of ensiled HMC from farm silos located in 
Iowa and Northern Illinois 
Silo Species designation (if identified) 
no. 1 2 3 4 5 6 7 8 9 
1 1 6 _ — _ — _ 
2 1 - 1 - 1 - 1 1 -
3 2 4 - - - - - 1 
4 5 1 - - - 2 - - -
5 7 2 - - - - - - 1 
6 6 - 1 - - - - - 1 
7 3 - - - - - - - -
8 4 - - - - - - - 2 
9 4 2 - - - - - - 1 
10 6 - 1 - - 2 - - 1 
11 2 - - 1 - - 1 - -
12 4 - 1 - - - - - 3 
13 1 - 1 - 1 3 - - 1 
14 1 - - 1 - 1 - - -
15 1 1 - - - - - - -
16 3 1 - - - - - - 1 
17 1 - - - - - - 2 
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Table 9. (Continued) 
Silo Species designation (if identified) 
no. 1 2 3 4 5 6 7 8 9 
18 2 8 1 1 _ 1 3 
19 - 2 w mm 1 - - - -
20 5 2 mm mm - - 1 - -
21 - 4 - - 1 - - - 2 
Total 59 34 6 3 4 8 3 2 
Percent* 50 28 5 2.5 3 7 2.5 1 
Percent of identified isolates 
1. Hansenula anomal a 
2. Candida Trusei 
3. C. parapsilosis-1 
4. C. parapsilosis-2 
5. C. i?arapsii'osis-3 
6. ^ domycopsis cbodati 
7. C. tropicalis 
8. Fichia membranaefaciens 
9. Lost in transfer or discarded 
Characterization of Selected Yeast Isolates 
General 
The assimilation data for the selected species must be 
considered as tentative because the tests were not repeated. 
Some questionable reactions would probably yield different 
results if appropriate subcultures had been made and retested. 
It was felt, however, that extensive retesting was not neces­
sary to achieve the objectives of the present study. Ex­
tensive characterization of the more frequently isolated yeast 
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species reported in this section was undertaken to aid in 
the verification and grouping of the species and strains en­
countered. 
In learning the range of carbohydrates utilized by vari­
ous yeasts a better understanding might be obtained of why 
some species increased in numbers, in silos of HMC, while 
other species did not. For instance, H. anomala and Ç. krusei 
were found to assimilate lactic acid readily. If it is as­
sumed that the lactic acid bacteria are active in the produc­
tion of lactic acid from available sugar, then subsequent 
growth of species of yeasts capable of assimilating lactic 
acid would be favored. There probably are many other factors 
involved in the selection of yeast species during storage of 
HMC, but the above factor would appear to be of major sig­
nificance. 
Candida krusei isolates 1, 3, 5, 6 and 10 
Isolates of C. krusei were identified without difficulty 
and fit the standard description of Lodder and Kreger-Van Rij 
(1952). The isolates apparently varied in their ability to 
assimilate citric and succinic acids. 
The pseudomycelium was well developed and of the Myco-
candida type. Hyphal cells under the coverslip were extremely 
long, measuring 2.8 x 75 u. The blastospores were elongated. 
Typical cells of a 3 day old culture in malt extract broth 
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(MEB) measured from 2.9 x 5.7 to 4.2 x 8.4 u. A thin pellicle 
was formed and a ring extended l/2 to 3/4 inch up the side of 
the tube. A 5 day old colony on morphology agar (MA) was 
cream colored, with a central ridgè of smooth cells. 
Variations of other isolates of C. krusei from isolate 1 
were noted. The colony of isolate 2 was dry and flat, and 
growth in citric acid was recorded as (3) and in succinic 
acid as (-). Growth of isolate 4 in citric acid was read as 
(3). 
Candida sp. isolate 7 
This isolate would not fit the description of any Candida 
sp. listed by Lodder and Kreger-Van Rij (1952). The morphology 
of this yeast is very similar to that of C. krusei, but 
galactose was assimilated readily and without an adaptation 
period. Galactose assimilation tubes were strongly positive 
after only 2 to 4 days of incubation. Since carbohydrate 
assimilation tests have been weighed heavily in the differenti­
ation of yeast species, this yeast could be named as a new 
species. It also differed from Ç. krusei in that gluconate, 
mannitol -and xylose were assimilated. Candida krusei does not 
assimilate these three carbohydrates. 
The pseudomycelium was well developed and of the Mycocan-
dida type. Typical cells of a 3 day old culture in MEB 
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measured 2.5 x 5.0 to 3,0 x 7.0 u. The blastospores were 
elongate. A thin pellicle was formed on MEB and a l/2 inch 
ring extended up the side of the tube. A 5 day old colony 
on MA was dry, flat and cream colored. 
Variations of other isolates of Candida sp. from isolate 
7 were noted. The colony of isolate 8 was dull, dry, wrinkled, 
white in color and with a central ridge of smooth, cream-
colored cells; growth in succinic acid was read as (3). 
Growth of isolate 9 in succinic acid was recorded as (4). 
Torulopsis glabrata, isolate 11 
This species was an infrequent isolate from the stored 
corn, but it was included in this characterization because it 
had the same key characters, of Lodder and Kreger-Van Rij 
(1952), as Ç. krusei, except that a pseudomycelium was not 
formed. It differed also in its inability to assimilate lac­
tic acid and ethanol. 
Vegetative growth was composed entirely of single cells. 
The colony was smooth, soft and white to cream colored. Typi­
cal cells of a 3 day old culture in MEB measured 3.1 x 3.8 u. 
No pellicle was formed on MEB by this isolate. 
Pichia membranaefaciens, isolate 12 
The isolates of this genus could be placed into two 
species on the basis of glucose fermentation. Isolate number 
13 produced much gas in the Durham fermentation tube within 5 
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days and could, therefore, be classified as P. fermentans. 
Otherwise, this isolate was like the other two isolates. 
The pseudomycelium was rather poorly developed. Blasto-
spores were not much different from the pseudomycelial cells. 
Typical cells of a 3 day old culture in WEB measured 4.0 x 
5.0 to 4.9 X 7.0 u. A thin pellicle was formed and there was 
a slight ring about l/2 inch up the side of the tube. A 5 
day old colony on MA was rough, dry, raised and reddish-brown 
in color. 
Two to four, hat-shaped ascospores, measuring 1.5 x 
2.5 u, were formed per ascus. 
Variations of other isolates of P. membranaefaciens from 
isolate 12 were noted. The pseudomycelium of isolate 13 was 
well developed. The assimilation tubes were recorded as lac­
tic acid (3), sucrose (1) and xylose (2). 
Candida parapsilosis-3, isolate 15 
This species varies considerably in its major characters. 
The standard key (Lodder and Kreger-Van Rij, 1952) includes 
yeasts that ferment glucose only, both glucose and galactose, 
or glucose, galactose and sucrose. The standard description of 
this species lists the fermentation of galactose as often 
weak and the fermentation of sucrose as weak or none. 
This species requires considerable study. A division of 
the species into weak and strong fermenting groups, or a 
75 
broadening of the present species description to include the 
more potent fermenting strains is necessary. In the isolates 
from HMC, strains were found that varied from the fermentation 
of glucose only, to strong fermentation of glucose, galactose 
and sucrose. In addition, some variation in carbohydrate as­
similation was noted between the strains. 
The pseudomycelium was well developed and of the My-
cocandida type. Some of the blastospores were elongated; 
others were nearly round. Typical cells of a 3 day old culture 
in MBB measured from 3.5 x 5.0 to 2.8 x 7.0 u. A 5 day old 
colony on MA was dry, flat and white at the outer edge and 
cream colored in the central portion. A slight ring was 
formed; however, a pellicle was absent. 
Candida parapsilosis-1, isolates 16 and 17 
The pseudomycelium was well developed and of the Mycoto-
ruloides type. The blastospores near the ends of the hyphae 
were elongated; blastospores on the older portions of the 
hyphae were oval. Typical cells of a 3 day old culture in 
MBB measured 4.2 x 5.6 to 4.2 x 7.8 u. A 5 day old colony 
on MA was smooth, soft and cream colored. A slight ring was 
formed; however, a pellicle was absent. 
Variations of other isolates of C. parapsilosis-1 from 
isolate 16 were recorded. Growth of isolate 18 in lactic acid 
was recorded as (2) and in succinic acid as (-). Growth of 
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isolate 19 in lactic acid and xylose was (2). Isolate 20 
varied considerably from isolate 16. The pseudomycelium was 
well developed and of the Mycocandida type. Typical cells of 
a 3 day old culture in MBB measured 5.0 x 7.0 to 2.8 x 14.0 u. 
A 5 day old colony on MA was convoluted, slightly raised, and 
yellow-brown in color. A ring and flaky pellicle were formed. 
Growth was recorded as follows: arabinose (2); citric acid 
(-); alpha-methyl glucoside (2); rhamnose (4) and ribose (3). 
Candida pulcherrima, isolate 27 
No difficulty was encountered in keying this yeast, al­
though the production of red pigment, an important feature 
for the differentiation of C. pulcherrima from C. parapsilosis. 
was not pronounced. The lack of a well developed pseudo-
mycelium aided in identifying this species. 
Vegetative growth was composed entirely of single cells 
in 5 day old cultures growing on MA; however, a rudimentary 
pseudomycelium was observed on malt extract agar when the cul­
tures were first identified. Typical cells of a 3 day old 
culture in MEB measured from 4.0 x 4.2 to about 5.0 x 7.5 u. 
No pellicle was formed. A 5 day old colony on MA was smooth, 
soft, and white to cream colored. A pink to red, diffusable 
pigment was visible at the colony-perimeter and reverse. 
The growth of isolates 28 and 29 in citric acid was re­
corded as (-). Growth of isolate 30 was read as citric acid 
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(-), manûitol (-) and starch (3). 
Candida intermedia, isolate 31 
Since this species assimilates lactose, it was readily 
separated from the other species. The description in this 
study differs from that of the standard key in the type and 
development of the pseudomycelium. This variation was probably 
-due to differences in the method of observing the pseudomy­
celium. 
The pseudomycelium was well developed and of the Myco-
toruloides type. The blastospores were oval to round. Typi­
cal cells of a 3 day old culture in M£B measured approximately 
3.5 X 4.0 to about 3.5 x 4.5 u. A slight ring was formed on 
MBB; however, there was no pellicle. A 5 day old colony on 
MA was smooth, dull, white in color and very slightly raised. 
Variation of other isolates of C. intermedia from isolate 
31 were noted. Isolate 32 grew as a thin pellicle on MBB 
that extended l/2 inch up the side of the tube. Growth in 
glycerol was recorded as (4) and in ribose as (-). Growth of 
isolate 33 in media containing arabinose, rhamnose and succinic 
acid were recorded as (-). Growth of isolate 34 was (4) in 
glycerol and (-) in rhamnose. Isolate 35 did not ferment raf-
finose and did not assimilate arabinose or rhamnose. 
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Candida tropicalis, isolate 36 
Isolates of this species were similar to those described 
in the standard description. The two isolates studied as­
similated arbutin and ethanol, and could be placed in the 
variety C. tropicalis lambica. 
The pseudomycelium was well developed and of the My-
cotorula type. Many round to oval blastospores grew in com­
pact whorls. Typical cells of a 3 day old culture in MBB 
measured from 4.2 x 4.2 to about 6.3 x 8.4 u. A slight ring 
was formed on MEB; however, there was no pellicle. 
Isolate 37 varied from isolate 36 in the following as­
similation tests; glycerol and arbutin (4) and lactic acid (-). 
Hansenula anomala, isolates 38, 40 and 41 
The isolates of this species were relatively uniform in 
their morphology, and in fermentation and assimilation tests. 
The isolates fit the key characters and standard description 
of Lodder and Kreger Van-Rij (1952), Wickerham (1951) divided 
this species on the basis of vitamin requirements, Hansenula 
anomala does not require added vitamins whereas, H. sub-
pelliculosa will not grow without added vitamins. In the 
present study the vitamin requirement was not tested. 
The pseudomycelium was poorly developed. Blastospores 
were formed in compact whorls. Typical cells of a 3 day old 
culture in MEB measured from 4,9 x 5,6 to about 5,6 x 7.0 u. 
A thin pellicle and a slight ring were formed on MEB. A 5 
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day old colony on M was smooth, soft and cream-colored. 
Two to four, hat-shaped ascospores, each measuring 2.8 
X 4.0 u, were formed in each ascus. 
Isolate 39 did not ferment galactose. Isolate 42 had 
produced no ascospores on final examination; however, asco­
spores were observed in an earlier identification. Growth in 
ribose was recorded as (4). 
Bndomvcopsis chodati, isolates 43« 44 and 45 
This yeast was keyed to C. tropicalis by the criteria 
of Lodder Kreger Van-Rij (1952), but its morphological and 
some physiological characteristics were unlike the standard 
description of that species. Teunisson (1954b) characterized 
a number of yeast species isolated from rice. One of the 
isolates identified as Bndomvcopsis chodati ferments and as­
similates the same test compounds as the isolates in the 
present study. The absence of ascospores would not permit 
the keying of these isolates into the genus Bndomvcopsis. How­
ever, this heterothallic yeast does not readily produce as­
cospores in nature because it occurs predominantly or partial­
ly in the form of haploid mating types (Wickerham and Burton, 
1952). The characteristics, with the exception of ascospores, 
were identical with the isolate of Teunisson. Therefore, 
these isolates were identified as B. chodati. 
The pseudomycelium of the isolates was well developed. 
Some true mycelium was also formed. Blastospores arose singly 
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from the hyphae or in whorls. Typical cells of a 3 day old 
culture in MEB measured 4.2 x 5.6 to about 4.2 x 6.3 u. The 
pellicle was a thick mat which broke and settled to the bot­
tom of the tube. 
Isolate 46 did not assimilate gluconate. Isolate 47 
would not assimilate gluconate or succinic acid. 
Table 10. Some morphological and physiological characteristics of yeasts from HMC 
Isolate no.* 1 7 11 12 15 16 22 27 31 36 38 43 
Morphology 
ascospores . 
pseudomycelium 
pellicle^ 
Fermentati ons^ 
glucose 
galactose 
maltose 
sucrose 
lactose 
raffinose 
melibiose 
Assimilations® 
nitrate 
glucose 
galactose 
*The species designation and description can be found in the preceding text. 
^All single cells (0), poorly developed pseudomycelium (1), well developed 
pseudomycelium (2) and a well developed pseudomycelium and true mycelium (3). 
^None (0), a thin film (T), medium and opaque (M). 
^No gas in the Durham tube (-), a small bubble in the Durham tube (1), about 
1/4 inch of the medium in the Durham tube displaced by gas (2), more than l/2 of 
the liquid in the Durham tube displaced by gas (3). 
®No growth (-), medium slightly cloudy, but not interpreted as growth (1), 
medium more cloudy than (1) but still transparent and not interpreted as growth 
(2), medium opaque, growth (3), very opaque (4). 
— — - 2-4 - — — — - — 2-4 — 
3 3 0 1 3 3 2 0 2 3 1 3 
T T 0 T 0 0 0 0 0 0 T M 
3 3 1 3 3 3 3 3 3 3 3 3 
— -
-
— 
- 3 3 1 3 3 1 2 
-
— — — 
-
- 3 - 3 3 2 2 
- - - - - - 3 - 3 3 3 3 
-
-
- -
-
- -
- 3 
-
1 
w
 
1 
2 
4 4 4 4 4 4 4 4 4 4 
4 
4 4 
- . 4 - — 4 4 4 3 4 4 4 4 
Table 10. (Continued) 
Isolate no.* 1 7 11 12 15 16 22 27 31 36 38 43 
Assimilations (continued) 
maltose - - — - 4 4 3 4 4 4 4 4 
sucrose - - - - 4 4 4 4 4 4 4 4 
lactose - - - - - •- - - 4 - - -
raffinose - » - - - - - - 4 - 4 4 
melibiose -
arabinose - - - - - - 2 - - - — 4 
arbutin - - - - - 4 4 3 4 4 3 
cellobiose — - - - - 4 4 4 4 4 4 4 
citric acid - 4 - - 4 4 3 4 4 4 4 3 
i-erythritol - - • — - - - - - - 3 4 
ethanol 4 4 2 4 4 4 4 4 4 4 4 4 
gluconate - 4 3 - 4 4 4 4 3 4 3 
glycerol 4 4 4 3 4 4 3 4 — 2 4 4 
inositol - - - - - - - - - - - -
lactic acid 4 4 - 2 2 - 1 1 - 3 4 -
mannitol - 4 - - 4 4 4 4 4 4 4 
alpha-methyl 
glucoside - - - - 4 4 3 3 4 4 3 3 
rhamnose - - - - - - - - - - - -
ribose - - — - 4 - 2 2 - - - 4 
starch - - - - - - - - 4 4 4 4 
succinic acid 3 - - - 4 4 3 4 - 4 4 4 
trehalose - - - - 4 4 4 3 4 4 4 4 
xylose - 4 — 4 4 4 4 4 4 4 2 4 
Leaction in -
litmus milk* N B N N B B N 6 N N B B 
Production of 
starch^ - - ------
£no change (N), alkaline reaction (B). 
^Determined by the iodine test described by Wickerham (1951). 
Table 10, (Continued) 
Isolate no.* 1 7 11 12 15 16 32 27 31 36 38 43 
Non-carotenoid 
pigment - - — — — — + - _ _ -
^No pigment (-), pigment (+)• 
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SUMMARY AND CONCLUSIONS 
The effects of the gaseous environment and temperature 
on the microbial populations of ensiled high moisture corn 
were investigated. Molds, coliform bacteria, total aerobic 
bacteria and yeasts were enumerated at various intervals of 
ensiling. A total of nearly 1200 yeasts was isolated during 
these studies. These isolates were identified to determine 
the species of yeasts associated with corn stored under 
several environmental conditions. 
The number of aerobic bacteria in the ensiled corn in­
creased to about 10^ per g within a week and remained near 
that number throughout the storage period. The number of total 
aerobes was not greatly affected by changes in gas concentra­
tions or by the temperature of storage. Coliform bacteria are 
of no apparent importance in the deterioration of ensiled high 
moisture corn. Their numbers were relatively small. Mold 
numbers were also small, but molds were important in the de­
terioration of corn at the surface of the silo. A detectable 
number of molds was usually associated with a high yeast count. 
Yeast numbers increased rapidly after an initial aeration 
series, but a second aeration series caused no pronounced growth 
response. Microorganisms associated with ensiled high moisture 
corn apparently required a factor in addition to oxygen for rap­
id multiplication. The factor limiting the growth of yeasts 
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and bacteria in the ensiling process is, apparently, the lack 
of an assimilable carbohydrate, even though much starch is 
present. 
The yeast species most frequently isolated from freshly 
harvested corn was Candida parapsilosis. 73 percent of the 
isolates, and C. intermedia, 15 percent of the isolates. 
These two yeasts were isolated infrequently after the third 
week of storage. Yeasts isolated after the twelfth day of 
storage were principally of the species Hansenula anomala, 
66 percent, and Ç. krusei, 26 percent. 
The preponderance of H. anomala and C. krusei in ensiled 
high moisture corn is believed to be associated with the 
availability of particular carbohydrates. A study of carbo­
hydrates assimilated by the yeasts isolated from ensiled corn 
was made. Hansenula anomala. C. krusei and C. tropicalis were 
the only species of yeasts of those isolated from the corn 
able to assimilate lactic acid. Lactic acid bacteria have 
been shown to be the predominant bacterial flora of ensiled 
high moisture corn. The conversion of sugars to lactic acid 
by these bacteria, apparently, provides a medium that re­
stricts the growth of a majority of the yeasts placed into the 
silos along with the corn. 
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APPENDIX A 
Table 11. Number of yeast species isolated from the eight 
silos 
Silo Species designation (if identified)* 
no. 1 2 3 4 5 6 7 8 9 10 
17 83 23 10 16 1 6 2 6 
18 76 29 17 15 2 12 3 10 1 4 
19 95 15 11 9 1 1 2 - - 8 
20 105 28 14 9 1 3 - 12 2 11 
21 43 34 12 8 1 6 2 4 2 9 
22 48 29 16 14 1 8 9 4 4 15 
23 69 40 17 22 1 2 4 3 1 9 
24 89 57 27 14 4 16 6 3 2 22 
1. Hansenula anomala and 5 isolates of C. pelliculosa 
2. Candida krusei "" 
3. C. parapsiiosis-l and 8 isolates of C. pulcherrima 
4. C. parapsilosis-2 " 
5. C. parapsilosis-3 
6. C. intermedia 
7. C. tropicalTs 
8. Pichia membranaefaciens 
9. Other infrequent isolates 
10. Lost in transfer of discarded. 
Table 12. Silo 17 Log, viable microbial count per g of corn 
Sample Storage period in days 
level 0 6 12 34 40 54 137 162 202 208* 208" 
6.92 7.20 7.32 8.36 8.11 8.43 8.18 8.30 8.42 8.38 7.69 
2 4.18 6.17 4.61 4.54 4.99 3.57 2.00 1.00 1.00 1.00 1.00 
M® 4.20 — - 3.00 2.00 1.85 2.19 1.00 2.43 1.00 1.00 1.00 
4.82 6.78 3.00 4.60 5.45 5.48 4.52 5.53 6.48 6.31 4.89 
A 6.92 8.15 7.40 8.00 8.14 8.40 8.37 8.34 8.42 8.39 7.68 
C 3 4.18 6.22 4.70 3.42 3.41 2.65 1.47 1.00 1.00 1.00 1.00 
M 4.20 — 3.00 2.00 1.00 1.00 1.00 1.48 1.00 1.00 1.00 
Y 4.82 — 3.02 4.00 4.00 4.48 4.68 4.54 4.53 5.00 
A 6.92 8.14 7.27 8.27 8.18 8.44 8.15 8.19 8.00 8.00 8.36 
C 4 4.18 6.21 4.68 4.75 3.18 4.15 1.54 1.00 1.00 1.00 1.00 
M 4.20 — —  3.00 2.00 1.48 2.00 1.65 1.20 1.00 1.00 1.00 
Y 4.82 — 3.00 3.78 4.11 5.58 4.54 4.65 4.47 5.34 5.04 
Spinal sample from outer perimeter of the silo. 
Spinal sample from the center of the silo. 
^Total aerobic bacteria. 
^Coliform bacteria. 
®Molds. 
^Yeasts. (Here and through Table 19, footnotes are the same.) 
Table 13. Silo 18 Log, viable microbial count per g of corn 
Sample 
level 0 2 3 12 19 34 40 47 54 97 137 204® 204° 
6.92 8.00 8.13 
-2 4.18 6.28 6.36 Port rusted tight; therefore, samples were unobtainable. 
M® 4.20 4.00 5.48 
4.82 4.85 5.40 
A 6.92 8.00 8.34 8.55 8.36 8.26 8.09 8.10 8.45 8.15 — 8.18 7.78 
C -3 4.18 7.00 6.85 4.81 3.90 2.00 1.00 1.00 1.00 1.00 — 1.00 1.00 vo 
M 4.20 6.30 4.00 3.00 2.00 1.00 1.00 1.00 1.00 1.00 — 1.00 1.00 
Y 4.82 6.40 5.60 4.52 3.00 3.00 3.30 3.95 3.95 3.48 — 6.78 6.45 
A 6.92 7.70 8.27 8.23 8.26 8.11 8.15 7.98 8.32 8.74 8.82 8.15 7.03 
C -4 4.18 6.30 6.54 5.53 4.86 3.51 2.20 3.00 3.25 1.48 1.00 1.00 1.00 
M 4.20 4.40 4.78 3.00 4.00 2.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Y 4.82 6.25 5.85 4.93 4.48 4.40 4.90 4.72 4.93 4.28 4.95 5.93 3.90 
Table 14. Silo 19, Log, viable microbial count per g of corn 
Sample Storage period in days 
204* 204b level 0 6 19 34 40 47 54 97 137 
6.92 7.40 8.08 8.56 8.85 8.13 — 7.72 — 7.66 7.65 
2 4.18 4.83 4.15 3.26 1.70 2.63 — 2.35 — 1.00 1.00 
M® 4.20 6.85 4.00 2.00 4.34 1.65 — 1.30 1.00 1.00 
yf 4.82 -  - 5.18 5.47 6.40 6.72 - - 6.11 — 6.66 5.97 
A 6.92 — 8.18 8.27 8.13 7.95 7.86 8.00 — —  7.66 7.65 
C 3 4.18 — 5.62 4.49 2.00 2. 00 2.41 1.30 — 1.00 1.00 
M 4.20 — 4.00 2.70 2.00 1.30 1.88 1.10 — 1.00 1.00 
Y 4.82 — 5.18 4.52 5.78 6.18 6.64 5.91 — 6.26 5.58 
A 6.92 — 9.85 8.21 8.10 8.16 8.15 8.20 — 8.48 7.59 
C 4 4.18 - - 4.56 4.98 4.32 2.60 3.52 2.95 -  - 1.00 1.00 
M 4.20 - - 4.00 2.00 1.00 1.00 1.00 1.48 — ' 1.00 1.00 
Y 4.82 — —  4.00 4.23 4.23 5.18 6.30 6.46 — —  5.95 5.40 
Table 15. Silo 20, Log, viable microbial count per g of corn 
Sample 
level 0 2 3 6 19 
Storage 
33 40 
period in days 
47 54 97 137 
a 
208 222^ 
AC 6.92 7.90 8.35 8.85 8.88 8.46 8.40 8.53 8.81 8.53 8.09 9.30 
2 4.18 7.00 6.40 6.32 5.40 4.23 4.36 3.04 3.54 2.95 1.00 1.00 
M® 4.20 7.29 4.30 6.00 4.00 3.00 3.39 3.40 3.40 2.48 2.45 — 
yf 4.82 3.00 4.70 — 5.23 6.18 6.91 7.18 8.11 8.00 , 7.00 8.30 
A 6.92 7.90 8.24 8.36 8.22 8.29 8.00 8.15 8.36 8.20 7.85 9.30 8.23 
C 3 4.18 6.48 6.48 6.34 4.58 4.60 3.00 2.34 1.65 1.00 1.00 1.00 1.00 
M 4.20 7.00 4.60 5.00 3.00 2.78 1.00 1.00 1.00 1.50 1.00 1.00 1.78 
Y 4.82 3.00 5.57 — 4.30 5.85 4.40 6.08 5.88 6.11 5.93 8.22 7.54 
A 6.92 7.32 8.26 8.48 8.32 8.16 §.37 8.26 8.36 8.08 8.04 8.59 8.09 
C 4 4.18 5.96 6.18 6.18 4.60 3.26 5.00 2.48 2.27 1.00 1.00 1.00 1.00 
M 4.20 6.41 4.30 — — 3.00 2.00 1.00 1.00 1.65 1.90 2.30 i.do 1.00 
Y 4.82 4.67 4.90 — — 4.00 4.08 5.78 5.30 5.89 6.13 5.88 6.30 6.30 
Table 16. Silo 21, Log, viable microbial count per g of corn 
Sample 
level 0 3 12 34 40 
Storage 
54 
period in days _ 
97 137 162* 162^ 162* 162^ 
6.92 8.30 aw 8.08 8.67 8.66 8.52 8.95 9.26 9.13 7.98 7.83 
2 4.18 5.94 2.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
4.20 6.00 3.50 — — 1.00 1.00 1.00 1.00 4.64 2.54 1.00 1.00 
/ 4.82 7.83 6.38 5.70 5.86 6.48 7.00 7.11 8.10 — 3.00 3.00 
A 6.92 8.51 7.40 8.04 7.54 8.53 7.20 7.57 6.74 6.00 
C 3 4.18 6.97 5.57 2.00 1.00 1.00 1.00 1.00 1.00 1.00 
M 4.20 4.78 3.00 3.00 1.00 1.00 1.00 1.00 1.00 1.00 
Y 4.82 7.43 4.42 3.00 5.66 4.53 4.18 5.74 3.00 3.00 
A 6.92 8.48 8.79 8,22 8.48 8.22 7.73 7.58 7.36 7.18 
C 4 4.18 3.00 2.00 1.00 1.00 1.30 1.00 i.op 1.00 1.00 
M 4.20 3.00 2.00 1.00 1.00 1.00 1.00 1.00 1.00 
Y 4.82 3.00 4.65 4.40 6.70 4.70 5.45 5.95 3,00 
Table 17. Silo 22, Log, viable microbial count per g of corn 
Sample Storage period in days 
162® 162b level 0 3 6 12 19 34 40 47 54 97 137 
6.92 7.74 8.30 8.28 8.25 8.27 8.21 8.26 8.77 8.72 9.09 8.52 7.08 
2 4.18 6.51 6.34 6.17 5.38 3.15 3.15 2.04 1.39 1.00 1.00 5.40 5.00 
M® 4.20 4.85 — 3.70 — —  3.40 1.30 1.60 2.27 1.00 1.65 4.20 1.00 
yf 4.82 4.40 —  —  4.23 5.73 5.80 6.43 7.10 7.70 7.08 7.48 8.52 7.08 
A 6.92 7.14 8.13 8.18 8.40 8.24 8.48 8.20 8.35 8.19 8.21 8.04 7.39 
C 3 4.18 5.36 5.76 6.00 5.45 3.39 2.90 1.00 1.00 1.00 1.00 1.00 1.00 
M 4.20 4.40 — —  3.00 — — 2.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Y 4.82 4.40 —  —  4.54 4.00 4.43 4.78 3.00 5.00 4.00 4.43 3.00 3.00 
A 6.92 8.34 8.48 8.15 8.55 8.23 8.30 8.20 8.15 8.70 8.30 7.83 7.90 
C 4 4.18 6.86 6.66 4.61 4.59 2.00 2.48 1.00 1.00 1.00 1.00 1.00 1.00 
M 4.20 4.00 3.00 —  —  2.00 2.00 1.00 1.00 1.00 1.00 1.00 1.00 
Y 4.82 6.54 6.25 4.30 4.30 3.30 4.78 3.00 —  —  4.68 5.81 3.00 3.00 
Table 18. Silo 23, Log, viable microbial count per g of corn 
Sample 
level 0 1 2 3 
Storage period in days 
19 34 40 47 54 97 137 162* 162^ 
6.92 7.95 8.00 8.44 8.48 8.60 8.58 8.60 8.93 8.51 9.00 — — — — 
2 4.18 7.00 6.70 6 .26 5.15 3.74 1.78 1.10 
o
 
o
 
H
 1.00 1.00 2.00 1.54 
4.20 6.95 , 5.88 5.64 — 3.00 2.11 1.55 2.26 — — 1.90 — — — 
4.82 — 4.74 5.08 6.81 4.30 7.44 7.52 8.44 7.78 8.40 8.38 7.90 
A 6.92 7.44 8.00 8.45 8.18 8.15 8.13 8.23 8.39 8.93 7.51 7.60 7.60 
C 3 4.18 6.81 6.57 6.20 3.48 2.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
M 4.20 7.24 5.00 5.04 — — 2.00 1.00 1.70 1.00 1.30 1.00 1.00 1.00 
Y 4.82 — 4.70 5.30 3.00 4.31 5.45 4.60 4.18 3.70 4.88 6.74 7.00 
A 6.92 7.44 7.00 8.51 8.58 8.24 8.30 8.44 8.52 8.93 7.95 7.85 7.48 
C 4 4.18 6.90 6.15 6.58 3.00 2.00 1.00 1.00 1.48 1.00 1.00 1.00 1.00 
M 4.20 7.20 4.00 3.00 — — 2.00 1.00 
o
 
o
 • 
H
 1.00 1.00 1.00 1.00 1.00 
Y 4.82 5.60 5.11 3.61 4.00 3.70 4.78 5.65 4.60 3.90 5.54 3.31 3.00 
Table 19. Silo 24, Log, viable microbial count per g of corn 
Sample Storage period in days 
level 0 2 4 6 8 12 19 26 34 40 47 54 97 137 176* 176^ 
6.92 —  —  8.46 8.63 8.60 8. 57 8.86 8.00 8.29 8.42 8. 23 8.60 — 8.96 5. 54 6.42 
2 4.18 6.48 6.80 5.68 5.11 3. 00 2.15 1.00 - - 1.00 1. 00 1.00 1.00 1.00 1. 00 1.00 
M® 4.20 4.45 — - - — - 1.00 1.00 1.00 1.00 1. 00 1.00 1.65 1.00 1. 00 1.00 
yf 4.82 6.40 5.18 6.02 5. 54 5. 59 6.18 4.00 6.00 5.50 6. 11 6.34 4.47 5.52 3. 00 3.00 
A 6.92 8.00 8.32 8.50 8.61 8. 29 8.40 8.26 8.21 8.27 7. 72 8.30 7.27 6.74 8. 42 6.17 
C 3 4.18 7.00 6.32 5.78 5.54 3. 00 1.00 1.00 — 1.00 1. 00 1.00 1.00 1.00 1. 00 1.00 
M 4.20 5.00 4.00 — —  4.10 3. 00 1.00 1.00 — —  1.00 1. 00 1.00 1.00 1.00 1. 00 1.00 
Y 4.82 6.78 5.28 —  —  5.90 3. 94 3.90 3.49 3.40 5.65 4. 85 5.65 4.00 4.43 5. 95 5.70 
A 6.92 8.00 8.23 8.53 8.48 8. 44 8.35 *8.95 8.37 7.54 
I 
8. 19 8.23 8.25 8.30 7. 00 8.00 
C 4 4.18 6.42 6.48 6.00 5.60 4. 05 1.00 1.00 — 1.00 1. 00 1.00 1.00 1.00 1. 00 1.00 
M 4.20 —  —  4.00 — — —  3. 00 1.30 1.00 — 1.00 1. 00 1.00 1.00 1.00 1. 00 1.00 
Y 4.82 6.43 5.95 — —  5.34 4. 70 4.00 3.00 4. 56 6.23 6. 17 5.65 5.26 6.95 5. 72 5.30 
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Table 20. Silo 17, carbon dioxide and oxygen percentages 
by level within the silo 
Sample level 
Date Top 12 3 4 
10-23-62 99.0 99.0 
11-06-62 85.0 88.0 
11-09-62 78.5* 
2.0^ 
79.5 
0.5 
11-13-62 78.0 
1.0 
78.5 
0.5 
11-16-62 79.0 
0.5 ' 
79.0 
0.0 
11-19-62 75.0 
0.5 
75.0 
0.5 
11-21-62 72.5 
0.5 
73.0 
0.5 
11-27-62 67.0 
1.0 
67.0 
1.5 
67.0 
1.1 
67.0 
1.1 
12-04-62 66.2 
1.8 
67.0 
1.0 
66.0 
2.0 
66.5 
1.8 
12-11-62 57.0 
0.2 
57.2 
0.2 
57.3 
0.2 
57.2 
0.2 
12-19-62 55.0 
0.4 
55.2 
0.2 
55.0 
0.8 
53.8 
0.5 
12-26-62 49.8 
0.5 
50.0 
0.4 
50.0 
0.3 
50.3 
0.3 
1-03-63 46.4 
0.4 
46.4 
0.6 
46.8 
0.4 
46.6 
0.4 
^Carbon dioxide. 
^Oxygen. 
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Table 20. (Continued) 
Sample levels 
Date Top 1 2 3 4 
1-09-63 46.8 
0.4 
46.8 
0.2 
46.8 
0.4 
46.8 
0.6 
1-14-63 42.8 
0.4 
42.8 
0.2 
42.8 
0.4 
41.8 
0.6 
1-25-63 35.5 
0.3 
1—28—63 35.4 
0.4 
1-29-63 35.4 
0.3 
2-01-63 35.0 
0.4 
2—04—63 31.9 
2.4 
2—06 —63 
2-07-63 30.5 
2.3 
2—12—63 30.0 
2.1 
2-19-63 29.0 
1.8 
2-25-63 28.0 
1.3 
3-05-63 26.6 
1.8 
3-12-63 26.2 
1.8 
25.2 
2.4 
25.8 
2.0 
26.4 
1.2 
3-18-63 25.0 
1.6 
24.7 
1.7 
24.8 
1.6 
24.8 
1.8 
4-01—63 26.2 
1.5 
27.0 
1.4 
25.2 
1.6 
27.4 
1.5 
4-15-63 26.8 
1.0 
27.4 
11.0 
28.2 
0.6 
27.8 
0.6 
4-22-63 25.2 
1.2 
25.6 
1.4 
24.0 
1.8 
24.8 
2.9 
4-30-63 24.4 
1.0 
25.0 
1.0 
22.8 
1.5 
23.2 
2.5 
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Table 21. Silo 19, carbon dioxide and oxygen percentages 
by level within the silo 
Date Top Sample level 
12 3 4 
10-23-62 98 98.0 
11—06—62 77.0 85.0 
11-07-62* 50.8 66.5 66.0 66.5 
11-08-62 38.5b 
O.5C 
39.0 
0.5 
39.0 
0.5 
41.5 
0.0 
11-09-62 30.0 
0.2 
31.0 
0.2 
31.0 
0.1 
31.7 
0.3 
11-14-62* 27.7 
5.9 
37.2 
4.0 
46.8 
0.1 
47.8 
0.4 
11-15-62* 35.2 
1.6 
35.0 
2.8 
41.8 
0.5 
47.0 
0.0 
11-16-62* 
13:20d 
28.8 
2.2 
28.4 
2.2 
34.4 
0.2 
43.9 
0.0 
11-16-62 
15:45^ 
16.0 
8.8 
17.7 
6.3 
27.2 
3.5 
39.6 
0.5 
11—19—62 32.2 
0.3 
32.5 
0.2 
33.0 
0.3 
33.2 
0.3 
11-21-62 33.0 
0.0 
33.0 
0,0 
33.5 
0.0 
33.0 
0.0 
11-27-62 33.0 . 
0.0 
33.0 
0.0 
33.0 
0.0 
33.0 
0.0 
12-04-62 35.2 
0.4 
35.4 
0.2 
35.8 
0.2 
35.8 
0.2 
^Aeration date. 
^Carbon dioxide. 
^Oxygen. 
^Hour of day. 
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Table 21. (Continued) 
Date Top 
1 2 
Sample level 
3 4 
12-11-62 30.0 30.0 
0.4 0.2 
12-19-62 30.0 30.2 30.4 30.4 
0.2 0.2 0.2 0.4 
12—26-62 27.6 27.4 27.8 27.8 
0.2 0.3 0.2 0.2 
1-03-62 26.4 26.6 26.4 26.2 
0.3 0.2 0.2 0.2 
1-09-62 26.9 27.0 26.8 26.8 
0.1 0.0 0.1 0.2 
1-14-63 24.2 24.3 24.2 23.4 
0.2 0.3 0.2 0.4 
1-25-63* 20.8 
13:40d 0.4 
1-25-63 14.0 16.0 18.4 20.0 
15:55^ 0.4 0.4 0.4 0.4 
1-28-63 18.2 18.0 18.4 18.7 
4.6 4.0 4.1 4.2 
1-29-63* 16.6 16.4 16.6 16.8 
6.4 6.0 6.1 5.3 
1-31-63 15.1 15.6 16.3 15.4 
6.5 6.2 6.4 5.7 
2-01-63 14.3 15.0 15.9 14.9 
6.2 6.3 6.7 6.0 
2-04-63* 12.9 13.6 14.5 13.3 
5.0 5.4 6.3 5.9 
2-06-63* 11.8 12.4 13.2 11.8 
4.8 5.3 6.1 5.6 
2-07-63 9.7 11.5 12.0 9.7 
6.0 5.8 7.4 6.5 
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Table 21. (Continued) 
Date Top 
1 2 
Sample level 
3 4 
2-11-63* 10.1 11.7 12.1 10.0 
6.2 5.9 7.5 6.6 
2-12-63 9.0 10.6 11.1 9.2 
6.0 6.8 7.4 6.2 
2-13-63® 9.8 9.1 10.2 10.6 9.3 
- - 5.8 5.7 7.2 6.1 
2-14-63 9.3 8.7 9.3 9.8 9.5 
6.3 5.9 6.0 6.9 6.3 
2-15-63* 9.6 8.9 9.4 10.1 9.9 
6.1 5.8 5.9 6.7 6.1 
2—18—63 9.6 9.1 9.5 9.7 9.9 
6.1 5.8 6.0 6.5 6.0 
2-20-63® 9.7 9.2 9.5 10.0 10.2 
6.1 6.0 6.1 6.4 5.8 
2-25-63 9.8 9.4 9.6 10.1 10.1 
6.1 6.3 6.1 6.3 5.7 
3-05-63 9.2 9.0 9.0 9.0 9.8 
2.8 2.8 2.8 3.0 2.8 
3-12-63 9.6 9.4 9.6 9.6 9.6 
3.8 3.8 4.0 3.8 3.8 
3-18-63 9.1 9.2 9.2 9.0 9.0 
3.2 3.2 3.4 2.8 3.4 
4-01-63 12.8 12.6 12.4 13.2 13.0 
0.8 1.0 1.4 0.4 0.4 
4-15-63 17.0 17.5 17.0 16.6 17.0 
0.3 0.2 0.2 0.1 
4-22-63 17.2 17.2 17.2 17.2 17.2 
0.6 0.6 0.6 0.6 
4-30-63 17.1 17.0 17.1 17.1 17.1 
0.7 0.2 0.2 0.2 
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Table 22. Silo 21, carbon dioxide and oxygen percentages by 
level within the silo 
Date Top 
1 
Sample 
2 
level 
3 4 
10-07-62 88.0 89.0 
10—23 —62 91.0 92.0 
11-06—62 79.0 79.0 
11-13-62 72.0* 
0.5b 
, 72.0 
11-14-62 72.5 
0.5 
72.5 
0.5 
72.5 
0.5 
11-16-62 70.5 
0.0 
71.0 
0.5 
11-19-62 67.5 
0.0 
68.5 
0.0 
11-21-62 67.0 
0.0 
68.5 
0.0 
11-27-62 59.0 
2.0 
59.0 
2.0 
61.0 
0.5 
62.0 
1.0 
12-04-62 56.0 
1.0 
55.5 
2.5 
57.0 
1.0 
60.0 
1.0 
12-11-62 50.5 
0.5 
50.5 
0.5 
51.0 
0.4 
50.4 
0.2 
12-19-62 41.0 
0.4 
41.4 
0.4 
41,8 
0.4 
42.4 
0.4 
12-26-62 35.0 
0.2 
35.4 
0.6 
35.8 
0.2 
35.8 
0.2 
1-03-63 28.7 
0.3 
29.5 
0.2 
29.7 
0.2 
30.0 
0.2 
^Carbon dioxide. 
^Oxygen, 
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Table 22. (Continued) 
Date Top Sample level 
12 3 4 
1-09-63 27.0 
0.2 
27.3 
0.3 
27.4 
0.4 
27.8 
0.1 
1-14-63 25.0 
0.2 
25.0 
0.1 
25.4 
0.1 
24.8 
0.1 
1-25-63 22.2 
0.2 
22.2 
0.1 
1-28-63 21.3 
0.2 
1-30-63 21.3 
0.2 
2-01-63 21.1 
0.3 
2-04-63 21.2 
0.2 
2-11-63 20.0 
0.3 
2-12-63 20.2 
0.3 
2-19-63 20.2 
0.2 
2-25-63 20.1 
0.3 
3-05-63 19.8 
0.3 
20.0 
0.4 
20.8 
0.2 
, 20.8 
0.4 
3-12-63 20.4 
0.4 
20.6 21.2 20.8 
0.4 0.2 0.4 
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Table 23. Silo 23, carbon dioxide and oxygen percentages 
by level within the silo 
Date Top Sample level 
2 3 
10-04-62 
10-04-62 
10-05-62 
10-05-62 
15:35^ 
10-05-62 
21:00C 
10-06-62 
10-07-62 
10-23-62 
11-06-62^ 
11-07-62^ 
11-08-62^ 
11-09-62^ 
11-13-62^ 
11-14-62 
11-16-62^ 
(11:10) 
11-16-62 
(17:00) 
97.0 
86.0 
0.5 
58.0 
1.5 
42.3 
0.4 
32.5 
0 .2  
43.4 
0.2 
39.4 
0.3 
30.8 
0.0 
18.0 
5.5 
Carbon dioxide. 
^Oxygen. 
^Hour of day. 
^Aeration date. 
11.0* 
6.0b 
17.2 
2.4 
29.0 
68.0  
77.0 
90.0 
97.0 
98.0 
68.0 
3.5 
53.0 
0.5 
39.8 
0.2 
43.4 
0.2 
39.7 
0.2 
35.5 
0.2 
LEAK 
23.2 
0.2 
36.0 
76.0 
82.0 
90.0 
82.0 
90.0 
24.8 
0.0  
38.0 
82.0 
91.5 
98.0 
79.1 
0.9 
82.0 
0.0 
68.0 
0.5 
54.8 
0.3 
44.2 
0.2 
43.4 
0.2 
39.9 
36.5 
0.5 
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Table 23. (Continued) 
Date Top Sample level 
12 3 4 
11-19-62 29.5 
0.0 
30.3 
0.0 
33.6 
0.0 
11-21-62 32.0 
0.0 
32.5 
0.0 
32.8 
0.0 
11-27-62 33.0 
0.4 
33.0 
0.4 
33.2 
0.4 
33.6 
0.6 
12—04—62 34.6 
0.2 
34.4 
0.3 
35.0 
0.3 
34.4 
0.5 
12-11-62 35.8 
0.2 
36.0 
0.2 
36.2 
0.2 
36.2 
0.2 
12-19-62 38.0 
0.2 
38.2 
0.2 
38.4 
0.4 
38.4 
0.4 
12—26—62 38.8 
0.4 
39.2 
0.2 
39.4 
0.3 
39.4 
0.4 
1-03-63 40.0 
0.6 
42.0 
0.6 
40.6 
0.4 
40.4 
0.4 
1-09-63 40.8 
0.4 
40.4 
0.1 
41.0 
0.2 
42.4 
0.2 
1-14-63 40.6 
0.4 
41.0 
0.2 
41.4 
0.2 
40.2 
0.3 
1-25-63^ 
(10:30)C 
40.4 
0.3 
1-25-63 
(11:45)C 
22.0 
1.2 
33.0 
0.7 
40.2 
0.4 
39.8 
0.4 
1-25-62 
(14:35)C 
24.4 
0.6 
28.0 
0.8 
40.6 
0.4 
40.6 
0.6 
1-28-62^ 33.1 
0.1 
33.4 
0.2 
35.8 
0.2 
39.1 
0.2 
1-29-63^ 26.6 
0.2 
27.4 
0.2 
29.4 
0.2 
36.5 
0.1 
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Table 23. (Continued) 
Date Top Sample level 
1 2 3 4 
1-30-63 22.2 23.4 25.6 32.6 
0.8 0.4 0.2 0.2 
l-31-63d 23.9 24.0 25.2 32.0 
0.2 0.7 0.2 0.4 
2—01—63 23.6 24.2 25.0 29.7 
0.5 0.4 0.2 0.5 
2-04-63^ 24.0 24.3 24.7 25.8 
0.2 0.3 0.2 0.1 
2-06 -63 21.8 23.0 23.6 24.3 
0.2 0.2 0.1 0.1 
2-07-63 19.9 21.2 21.6 22.5 
" 
0.1 0.1 0.1 0.1 
2-11-63^ 20.8 21.0 21.8 23.4 
0.4 0.2 0.1 0.1 
2-12-63 20.7 21.0 21.5 23.3 
0.3 0.2 0.3 0.2 
2-13-63^ 21.0 21.2 21.6' 23.4 
0.2 0.2 0.2 0.2 
2-14-63 20.8 21.0 21.5 23.2 
0.2 0.3 0.2 0.2 
2-15-63^ 20.7 21.0 21.5 23.2 
0.2 0.2 0.3 0.2 
2-18-63^ 20.5 20.7 20.9 23.0 
0.2 0.2 0.1 0.1 
2-20-63^ 20.3 20.4 20.8 22.8 
0.1 0.2 0.2 0.2 
3-02-63 20.0 20.2 20.5 ' 22.7 
0.2 0.2 0.3 0.3 
3-05-63 22.4 22.4 23.4 23.6 
0.4 0.4 0.2 0.4 
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Table 23. (Continued) 
Date Top 
1 
Sample 
2 
level 
3 4 
3 —12—63 22.8 22.6 23.6 23.8 
0.2 0.4 0.4 0.4 
3-18-63 22.6 22.7 22.6 23.0 
0.4 0.3 0.4 0.6 
3-27-63 22.2 22.6 23.0 23.0 
0.6 0.2 0.6 0.8 
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APPENDIX B 
Description of Corn at the Time of Emptying the Silos 
Silos 17 and 19 (5-1-63) 
The corn settled below port 1. Carbon dioxide tubes 1 
and 2 were disconnected at the silo wall. Corn in the top of 
the silos was in good condition. No molds were visible. A 
few yeast colonies were on the surface. 
Silo 18 (5-13-63) 
The corn had settled to the top of port 2. Yeast colonies 
were visible on the corn at the top of the silo. There was 
less compaction than in silos 17 and 19. 
Silo 20 (5-1-63) 
The corn had settled as it had in silo 18. A few yeast 
colonies were visible on the top surface of the ensiled corn. 
Some web-like colonies of a greenish mold, 4-8 inches in di­
ameter, were observed on the top surface of the ensiled grain. 
Free moisture was noted in the top 1.5 ft of corn located on 
the north side of the silo. Yeasts were observed on corn from 
all portions of the silo. 
Silo 21 (3-15-63) 
The corn had settled to the second port. A yeasty odor 
was noted at the surface when the silo was opened and a white 
mold was observed on the corn at the north surface of the silo. 
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The corn was compacted at the bottom of the silo. 
Silo 22 (3-15-63) 
The corn had settled to the second port. A white mold 
was observed growing over the entire surface, to a depth of 4 
inches. No other moldy areas were noted. The corn in the bot­
tom of the silo was compacted and had to be loosened with a 
spade. 
Silo 23 (3-28-63) 
The corn had settled to the second port. A grey-white 
mold permeated the upper 1 inch of the c:,rn. There was no 
distinct change in the condition of the corn from top or bot­
tom. The corn was tightly compacted from 2 inches below the 
surface to the bottom of the silo. There was a condensate on 
the sidewalls and the floor of the silo. 
Silo 24 (3-28-63) 
The corn had settled to the second port. The top of the 
silo contained corn that was somewhat discolored. Corn 8 inches 
below the surface was yellow-brown in color. The top 12 to 18 
inches of corn was loose and the remainder of the silo was com­
pacted. A condensate was apparent on the side walls and free 
moisture was visible on the bottom of the silo. 
